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SPECIFICATION 

Shaped plastic articles having replicated mterostructura surfaces 

This Invention relates to the replication of surface bearing microstructure. In another aspect it 
relates to shaped plastic articles, such aa retroreflecting cube-corrtBr sheeting, Fresnel lens elements, 
diffraction gratings, video discs, and ophthalmic lenses, having replicated microstructure-bearing 
surfaces, and to a process for the preparation of the articles. In another aspect, it relates to novel 
castable radiation curable oligomers, a process for their preparation, and the use of such material In 
making said replicated plastic articles. 

Many materials, techniques and processes have been proposed, patented or used for replicating 
various microstructurs-baaring surfaces in the form of embossed, cast or molded plastic articles, e.g., 
see J. of Applied Physics, Vol. 45, No. 1 0, p. 4557, October, 1 974. Some of these have been of 
practical value though of limited application In many Instances while others have been found wanting as 
impractical, especially where the object has been high fidelity and durability of replication or mass 
production capability. In many cases, the progress in this art has been stymied by lack of suitable 
replicating materials. , 

For example, in the area of retroreflectlve cube-comer sheetings, used as traffic signs and the 
other applications where light reflection is used for traffic direction and safety, U.S. Pat No. 3,689,346 
(Rowland) discloses a process for the continuous replication of such articles by depositing a 
crosslinkable, partially polymerised resin, such as certain acrylic acid ester resins, on a negative molding 
surface to be replicated, and exposing the resin to actinic light or heat to solidify the resin. The resins ~ 
used typically exhibited relatively high levels of shrinkage upon solidifying or curing, thus giving rise to 
optical imperfections in the cube-comer microstructure, that is, changes in the angles between the 
faces of the cube-corner which produce fight scattering rather than the desired maximum 
retroreflectivity. Attempts to overcome shortcomings are described in U.S. Pat No. 3,935,359 
(Rowland) which discloses filling further resin in the void resulting from the shrinkage, and U.S. Pat No. 2 
3,980,393 (Heasley et al) which discloses using a lens system In conjunction with the cube-comer 
structure in order to compensate for the shrinkage. Such modifications are, of course, costly and 
demonstrate a need for replicating materials which do not significantly shrink and so cause optical 
Imperfections in the replication. 

An example where plastics have been used in replication of optical surfaces or elements is U.S. 3 
Pat No. 3,931 ,373 (Beanie) which discloses replicating ophthalmic lenses from plastic compositions, 
such as methyl methacrylate, by use of a replicating mold made of certain polymeric materials, such as 
certain copolymers of styrene and methyl methacrylate, to prBvsnt distortion of lenses during cure. 
French Pat. No. 2,247,329 discloses making replicas of video discs using ultra-violet radiation curable 
acrylics and epoxfes, U.S. Pat. No. 3,334,958 (Applsdom) discloses Fresnel lens elements stamped 3 
from polymerized methyl methacrylate using molds made from machined master lenses. 

Other U.S. patents disclosing replication of various articles using plastic compositions are U.S. Pat 
Nos. 2,310,790 (Jungerson), 2,482,598 (Roos), 3.565,978 (Folgeretal). 3,190,947 (Norcros), 
3,369,949 (Forrest) 3,667,948 (Sturderant), 2,524,862 (White); the replication process of these 
patents require high molding temperatures or pressures which cause loss of fidelity in the repliceted ^, 
structure, use of solvents which require a long time to evaportate, long cure cycles, curable materials 
which have a limited "pot" life, or result in replicated articles having limited toughness and dimensional 
stability and with severe shrinkage. 

Though oligomers or cured polymers with "hard" and "soft" segments or blocks have been 
disclosed in the prior art, e.g., see "Block Copolymers", Aliport 3nd Janes, published by Wiley & Son, , 4 
N.E. Chap. 8C, (1 973), "Polymer Blends & Copolymers", Mansan & Sperling, published by Plenum 
Press, "N.Y., p. 1 53—1 66, (1976), "Polymer Engineering & Science", Vol. 1 1, No. 4, p. 369, (1 971), 
"Encyclopedia of Polymer Science & Technology", Kirk-Qthmer, Suppl., Vol, 1 , p. 521 — 543 (1 976, 
and U.S. Pat Nos. 3,560,41 7 (Pizzl et al! and 4,077,932 (Columbus), those materials have not been 
disclosed as useful in making shaped plastic articles comprising crosslinked polymer and having g, 
replicated microstructure surfaces. 

Briefly, in one aspect, this invention provides an article comprising a shaped, plastic, monolithic 
layer (or body) comprising certain crosslinked polymer and having one or more, like or different, 
replicated microstructure-bearing surfaces. An example of such article Is a traffic control sign 
comprising a layer in the form of a self-supporting or free film or sheet of said crosslinked polymer and 5! 
having on one side a microstructure-bearing surface in the form of a replicated array of ratroreflectiva 
cube-corners, the side of which sheet can be a replicated "flat" surface. Such articles are prepared by a 
precess comprising filling a mold master, bearing the microstructure to be replicated, with a fluid, 
castable, ana-part, preferably soivent-free, radiation addition-poiymerizable, crosslinkable, oligomeric 
composition (or precursors thereof) having both "h3rd" and "soft" segments, exposing the resulting cast'SC 
composition to radiation, preferably actinic radiation such as ultraviolet radiation, and thereby forming 
said acticle. Said process lends itself to rapid, mass production of such articles with no adverse 
environmental impact because no or only a minor amount of solvent or other volatiles are evolved and It 
can be carried out at ambient temperatures and pressures. The process also lands itself to replication of 
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articles with microstructura comprising utilitarian discontinuities, such as prelections and depressions, 
which are readily released from the mold master without loss of the detail of the master and with 
retention of the replication of such detail under a wide variety of conditions during use. The articles can 
be formed with a wide variety of desired properties, such as toughness, flexibility, optical clarity or 
homogenity, and resistance to common solvents, the microstructura of such articles having high 5 
thermal dimensional stability, 'resistance to abrasion and impact, and integrity even when the articles are 
bent, e.g., 1 80°. The physical properties of the crosslinked polymer can be varied by proper selection of 
the oligomeric composition. The tensile strengths of the polymer can be varied from 70 to 700 kg/cm', 
the modulus of elasticity can be varied from 140 to 1 4000 kg/cm J , and the elongation-to-break can be 

^ q varied from 5 to 300%. The optical homogenity of the polymer is manifested by at least 91% -j q 

transmission of light, haze of less than 5%, and birefringence, An, of less than 0.002, and the flexibility 
is manifested by desirable dynamic shear moduli over a wide temperature range, e.g., 23 to 1 20°C. 

FIG, 1 is a plot of the dynamic shear moduli of illustrative plastics used in making plastic articles of 
this invention; FIG. 2 Is an isometric view of replicated diffraction gratings of this invention; FIG. 3 Is a 

1 plan view of replicated array of cube-comer retroreflectiva elements of this invention; FIG. 4 Is an 1 5 

1 " elevation section of FIG. 3 taken along A — 4; FIG. 4A is an elevation section of a modified retroreflectlve 
sheeting employing the array of FIG. 4; FIG. 5 is a diagrammatic view of a cube-corner element; FIG. 6 is 
an isometric view of a sheet of replicated linear Fresnel lenses of this invention; FIG. 7 is an isometric 
view of a replicated video disc of this invention; FIG. 8 is an enlarged view of a portion of FIG. 7; FIG. 9 Is 

20 a schematic diagram of apparatus useful in making a sheet of cube-comer elements of FIGS, 3 and 4; 20 
and FIGS. 1 0A — 1 01 are diagrams of illustrative profiles of various replicated mlcrostructures of this 
invention. 

The term "microstructure", used herein the context of a shaped article having a surface bearing 
microstructura, means the configuration of a surface which depicts or characterizes the predetermined 

2g desired utilitarian purpose or function of said article. Discontinuities, such as projections and 25 
indentations, in the surface will deviate in profile from the average or center line drawn through the 
microstructure such that the sum of the areas embraced by the surface profile above the line is equal to 
the sum of those areas below the line, said line being essentially parallel to the normal surface (bearing 
the mocrostructure) of the article. The heights of said deviations will be +0.005 ^m to +750 ym 

30 through a representative characteristic length of the surface, e.g., 1 to 30 cm. Said average profile, or 30 
center line, can be piano, concavB, convex, aspheric or combinations thereof. Articles where said 
deviations are of low order, e.g. from ±0.005 fim to 0.1 fim or, preferably, to +0.05 ,um, and said 
deviation are of infrequent or minimal occuranca, i.e., the surface is free of any significant 
discontinuities, are those where the mlcrostructure-bearing surfaca is an essentially "flat" or "perfectly 

3S smooth" surface, such articles being useful, for example, as precision optical elements or elements with 35 
a precision optical Interface, such as ophthalmic lenses. Articles where said deviations are of said low 
order and of frequent occurrence are those, for example, bearing utilitarian discontinuities, as in the 
case of articles having antl-rBflective microstructure. Articles where said deviations are of high order, 
e.g., from ±0.1 ^im to ±750 p, and attributable to microstructure comprising a plurality of utilitarian 

4q discontinuities which are the same or different and spaced apart or contiguous in a random or ordered 40 
manner, are articles such as retroreffective-ctibe-comer sheeting, linear Fresnel lenses, and video discs. 
The mlcrostructure-bearing surface can contain utilitarian discontinuities of both said low and high 
orders. The mlcrostructure-oearing surface may contain extraneous or non-utilitarian discontinuities so 
long as the amounts or types thereof do not significantly interfere with or adversely affect the 

4g predetermined desired utilities of said articles. It may be necessary or desirable to select a particular 45 
oligomeric composition whose shrinkage upon curing does not result In said interfering extraneous 
discontinuities, e.g., a composition which shrinks only 2 to 6%. 

The above described profiles and the dimensions and spacing of said discontinuities are those 
discernible by an electron microscope at 1 000X to 1 00.000X or an optical microscope st 1 0X to 

50 1000X - " 50 

In FIGS. 10A — 101, various illustrative profiles of replicated microstructure-bearing surfaces are 
shown. The profile of FIG. 10A is piano, free of utilitarian discontinuities, and is illustrative of the 
microstructure of an ophthalmic lens or optical flat The profiles of FIGS. 1 0B and 1 0C have spaced- 
apart utilitarian discontinuities which in FIG. 1 0B are in the form of projection or raised areas 2 1 and in 

55 FIG. 1 0C are in the form of depressions or indentations 22, such profiles being illustrative, for example, 55 
of microstructure present on video discs. FIGS. 1 00 and I0E depict profiles with a plurality of 
contiguous, utilitarian discontinuities, such profiles being illustrative, for example, of species of anti- 
reflectlva surfaces. FIG. 1 0F depicts a profile with 3 plurality of closely spaced arcs, e.g., hemispherical, 
and Is Illustrative of mlcrostructlve in the form of utilitarian lenslets, e.g., a replicated beaded layer 

60 which can bs vapor coated with specular light reflecting material to provide a retroref lective sheet FIG. go 
1 0G depicts a profile with individual contiguous utilitarian discontinuities in the form of projections 23 
of like size and shape, and Is illustrative of cube-comer retroreflective microstructure made up of 
trihedral prism elements. FIG. 10H depicts a profile with utilitarian discontinuities in the form of 
alternating steps 24 and lands 25, such a profile being illustrative of a linear Fresnel 'lens. And FIG. 1 01 

65 depicts a profile which is a combination of the types illustrated in FIGS, 1 0C and 10H, the lands 26 65 
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being "rough" duo to low order utilitarian discontinuities, such a profile being illustrative of a linear 
Fresnel lens with antl-reflective microstructure. 

Radiation addition-polymerizabie, crosslinkable oligomeric compositions useful in making said 
shaped articles of this invention comprise radiation addition-polymerfctabla, oligomers or prapolymers 
g having (1 ) one or more like or different "hard" (rigid) segments ("H"J, viz., mono- or poly- and preferably 5 
di-valent moieties containing one or mora carbocyciic and/or heterocyclic groups are preferably 
difupctional linking groups with hydrogen bonding capabilities, e.g., carbonyldloxy, — QC(0)0— , 
carbamate, — NHC(0)0 — , ureylene, — NHCONH — , amido, — NHCO---, and oxy, — 0 — , said moieties, 
when their valences are satislfled by protons, having at least one major transition temperature above 

, q 250° K, preferably above 350° K, said transition being a glass transition temperature or crystalline 1( j 
melting point, such as are usually detected by differential thermal analysis or thermomachanical 
analysis, (2) one or more like or different "soft" (flexible) segments ("S"), viz., mono- or, preferably, poly- 
valent moieties, such as a poiyester, polysiloxane, pofyacrylate, poiyetherorpolyolefin segment, each of 
which has a number average molecular weight in the range of about 500 to 5000 and each of which in 

1 5 the form of homopolymer has a glass transition temperature below 250°K, and (3) one or more like or 1 5 
different monovalent moieties ("E"! containing a radiation sensitive, addition-polymerizabie, functional 
group such as acrylyl, methacrylyl, allyl or vlc-apoxy group. The Bmount of "H", "S" and "E" segments 
or moieties in said oligomeric composition are such that the radiation-cured crosslinked plastic derived 
therefrom preferably has dynamic shear moduli, over the temperature range of 23° to 123°C, on or 

20 within the boundary of area A — B — C — D of FIG. 1. Where the oligomers contain two or more "H" 20 
segments, such segments can be the same or different, as is true of the "S" segments and the "E" 
moieties. Further, the oligomers are free of labile groups, viz., — O — 0 — and — N=N— , and generally 
will have a number average molecular weight of about 1000 to 30,000 grams per mole. 
A class of such oligomers can be represented by the general formula 


2 5 



t 


23 


where "E", "H", and "S" are as broadly defined above, a is 1 or 2, fi is zero or an integer up to 20 
whose average Is less than about 5, and y la 2 or 3. 
"E" in formula I can be represented by the formula 



35 


30 


where R' is a hydrogen atom or methyl, 
each A is Independently — NH — or — -0 — , 

a, b, c and d are each independently zero or 1, with the provisos that 

( 1 ) at least one of b and d must be 1 , 

(2) if b and c are both zero, then a and d must be 1, 

(31 If b and d are both 1 , then a and c must be 1 , and a Is at least 2, and 
(4) If d is 1 and a and b are both zero, then c must be 1, 
e is an Integer of 1 to 5, 


30 


35 


subgenera of formula II being these of the formulas: 



40 


where preferably R 1 is methyl and A is- 


40 



where preferably R' is methyl, A is — O— > and a is 2, 


and 


11c 
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where preferably R 1 is a hydrogen atom and A is — O— . 
"E" In formula I can also ba that represented by the formulas: 


where {In formulas III and IV) 

R 1 is hydrogen or a lowar alky! {e.g., with 1 to 4 carbon atoms and preferably la methyl). 

8 is -fCH^, -—CO---, -WHjrgCO— or 

and each f Is an integer of 2 to 5, each d Is independently zero or 1 , and e Is 1 to 5. 
"H" in formula I can ba represented by the formulas: 



or, where "E" In formula I Is selected from the group of structures represented by formulas IIA, IIB, 
and IIC, "H" can be represented by the following structure: 


where (in formulas V, VI, VII, VII! and IX), 

each R J is independently as defined above for formula IV, 

each R a Is independently a di-valent carbocycllc-containing radical derived from benzene, 
napthalene, cyclohexane, dicyclohexylmethane, diphenylmethane, or norbornene, and their lower 
aikyl-sub3tituted derivatives, by removal of two of their hydrogen atoms, 
each R* is independently an alkylene moiety with 2 to 1 0 (and preferably 2, 4 or 6) carbon atoms, 
or a cycloalkylena moiety with 6 to 1 0 carbon ■atoms {and preferably 8 carbon atoms, 6 of which 
are ring-carbon atoms), 

each R s Is independently a phenyl moiety or (preferably) methyl. 
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each R* Is Independently a tower alkyf with 1 to 4 carbon atoms, preferably methyl, 
g is zero or a number up to 5 (and preferably an average of 1 to 3), 
B is as defined In formula IV, 
h is an Integer of 1 to 10, 

5 h' is zero or an integer of 1 to 1 0. each d, cT and d" is independently zero or 1 , with the proviso 5 
that If either one of d" or d" Is 1 , than the other Is zsro, and 
A is as defined above for formula II. 

"S" In formula I can be the polyether {or potyoxyalkyfene), polyester, polyoleftn, polyacrylate, or 
polysiloxane residua remaining after removal of the active hydrogen atoms of polyols (illustrated by the 
1 0 generic formula R ? (OH) hereinafter), such as polyether iar polyoxyalkylene) polyofs, polyester polyols, 1 q 
polyether polyester poiyola, polyolefln polyols, polysiloxane polyols, and poly(alkylacylatB) polyols, or' 
polyamines (illustrated by the generic formula R,{NH } )y hereinafter) such as polyoxalkylene polyamines, 
polyoiefin polyamines, and polysiloxane polyamines, said pofyoxyaltcylene residue Including those of the 
formula: 


4 

where each A Is independently — NH — or — O — , 

(OR 7 ), Is oxyalkylene or polyfoxyalkylene), 

R 7 Is an alkylene of 2 to 4 carbon atoms, such as 

— CH^HtCH^jCHj— , and — CH(CH S }CH(CH 3 >— . 

R« Is a saturated aiiphatlc radical free of active hydrogen atoms and which can contain 1 or 2 
nonvicinat catenary oxygen or nitrogen atoms, R 8 having a valence equal to J and 2 to 10 carbon 
atoms 

1 is a number of 1 to 20, preferably 2 to 1 0, and 
J is an Integer of 1 to 3, and 

d and c are each Independently zero or 1 with the provisos that whan d Is 1 , then c Is zero and J Is 

2 or 3, and when d is zero, than j is 1 , 

subgenera of "S" within the scope of formula X being those polyoxyalkylene residues represented by 
the general formulas: 

where preferably each f Is independently 3 to 5 (more preferably 4) and Ms 5 to 10, 


where preferably f is 3 to 5 (more preferably 4), i' Is S to 10, and k 13 2 or 3 and the V3ience of R 9 , 


35 where the groups enclosed by ths single brackets with subscripts m and n are repeating units 35 

randomly distributed, m is zero or Ho 4, n is 4 to 20, with the proviso that n/m is at least 4, 
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where the groups enclosed by the brackets with subscripts m and n are repeating units randomly 
distributed within the double brackets, m, n, and n/m are as defined for formula XC and k is 2 or 3 
and is the valance of Ft*, 
or "S" in formula I is a said polyester residue represented by the formula: 


where R» i3 a saturated aliphatic radical free of Bctfve hydrogen atom9 and can confc 
vicinal catenary oxygen or nitrogen atoms, R* having a VBlance equal to s and 2 to 1 
atoms, 

each a, o. p and q Is Independently 2ero or 1 , • ■ 
each a' is independently an integer of 2 to 1 0, preferably 2 to 5, 
each r Is independently a number of 1 to 20, preferably 1 to 1 0, and 
each s is independently an integer of 1 to 3 with proviso that 

when q is 1 , then 3 i3 2 or 3 and o is zero and either a and p ar both zero or both 1, and 
whenq is zero, then s and o are 1 and either a and para both zero or both 1, 

subgenera of "S" within the scope of formula XI bBtng those polyester residues (viz., polycaprolactone 
residues) represented by the general formulas: 


44k 


where r' Is a number of 1 to 10 and a' Is 2 or 3. 

where r* Is a number of 1 to 1 0 and s is 2 or 3, and R 9 is preferably oxyalkylene, e.g., 
— CHjCHjOCHjCH,— , polyoxyalkylene, or.alkanetriyl, e.g., +~CH^CCHfiH v 


where each e' is independently a number of 2 to 5 and r* is anumberof 1 to 1 0, 


where e' is a number of 2 to 5, r is a number of 1 to 1 0, R B Is as defined for formula XIB, and a is 2 25 
or 3, or "S" in formula I Is a said polyolefin residue represented by the formulas: 


where t Is a number of 7 to 35, 

and a 8 ! 


whe're the group enclosed by the single brackets with the subscripts u and v are repeating units 
randomly distributed within the double brackets and u and v are integers whose sum is from 2 to 
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20 and u/v Is a ratio of 1/4 to 4/1 , s is 2 or 3, and R» is polyvalent carbocyclic-containing radical 
derived from benzene, naphthalene, or a phenyl-substituted benzene by removal of 2 or mora 
hydrogen atoma, 

or "S" in formula I Is a said potyacrylate residua represented by the formula; 


r 


where each 

R" !s independently hydrogen or methyl, 

R 11 is independently an aikyl of 2 to 1 0 carbon atoms, preferably butyl; 
R ,3 !s independently —C(OiOCH J( —CN or phenyl, 

R 1 * is — SRH, — SR 115 0 — , — SCHjC(0)OR"H or H, where R ,s Is an alfcylens having 1 to 12 10 
preferably 2, carbon atoms, 
f is an integar of 2 to 5 

the groups enclosed by the single brackets with subscripts x, y and 2 are repeating units randomly 
distributed within the double brackets, the sum of x, y and z being such that the number average 
molecular weight of the totality of said repeating units is about 500 to 5000, the units enclosed by ? 
brackets with subscripts x and y always being present and the units enclosed by the bracket with 
subscript z being optionally present, 

or "S" in formula I is a said polysiloxane residua represented by the formulas: 


where b' ta a number of 8 to 35, and R Is a linear or branched alkylene group having 1 to 1 2 20 
carbon atoma or a polyoxyalkylene group having 4 to 80 carbon atoms and 1 to 40 oxygen atoma, 


Hi 


9 ] I 

•s?-c{- jsk'c^ m 
5%jJ ■ " 

where the groups enclosed by the single brackets with subscripts b' and d are repeating units 
randomly distributed within the double bracket, b' being a number of 8 to 35 and c' being 2 or 3 
and R Is as defined above for formula XV. 

Representative species of oligomers useful in making the shaped articles of this Invention and 
falling within the scope of formula I include those having the structures represented In Table I. 
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Another class of oligomers useful in making the shaped articles of this invention can be 
represented by the general formula: 


where "E", "H", "S", a, /$ and y are as defined for formula I. 
Since representative species of formula LV can be made with the same "E", "H" and "S" moieties as 5 
those species of formula I listed in TABLE ! (though the number and ratio of such moieties in the species 
of formula LV can be different than the number and ratio of such moieties In the species of TABLE I) we 
will omit, in the interest of brevity, a similar (1st of representative species of formula LV. 

Other classes of oligomers useful in making the shaped articles of this Invention can be 
represented by the general formulas: 1 0 


V 


where "H", "S", a, p and y are as defined for formula 1, but "£*' In formulas LVI and VUl.ls represented 
by the formulas: 

s ! o ft 


where R 1 is hydrogen or methyl, 

each A' and A" is Independently — NH — or — Q — , 
f Is an Integer of 2 to 5, and 

each of b, c, d' and d" are independently zero or 1 , with the provisos that ( 1 } if b and c are both zeros 
20 then d" and d" are both zero (In which case R 1 is preferably hydrogen), or (2) if b and c are both 1 , 20 
then d' and d" are both zero (In which case preferably FT Is hydrogen, A' Is — O — , and f !3 2 or 3) 
or are both 1 (in which case preferably R' ts methyl and f Is 2), 



US 


where R' is hydrogen, or preferably, methyl, 



where R' is methyl or, preferably, hydrogen, 
A is — NH — or, preferably, — O— . 
e is an integer of 1 to 5, preferably 1 , and 
30 cf and d" are either both zero (in whtch case R 1 is preferably hydrogen and a is 1 ) or both are 1 , (in 30 
which case preferably R 1 Is hydrogen, A is — NH — and a is 1). 

Rspresentative species of oligomers of formula LVI useful in making the shaped articles of this 
invention are set forth In TABLE II, where structural formulas for the various "E", "H" and "S" moieties 
of said species have been omitted In the interest of brevity, reference instead being made to structural 
35 formulas for said moieties which are set out hereinbefore. Representative species of oligomers of formula 35 
LVli can be made with the same "E", "H". and "S" moieties as those species of formula LVI listed in 
TABLE II (though the number and ratio of such moieties in the species of formula LVII can be different 
than the number and ratio of such moieties in the spacies of TABLE tf); thus, we will omit, in the interest 
of brevity, a similar list of representative species of formula LVII. 
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LXIV 
LXV 
LXVi 


formula LVW where 
b, c, d* and d" are 
1 and a la 2. H 1 is 
— CH 3 , A' la — -0 — and 
A" is — 


fbrmuta LVfll where 
b, o. d' and d" ara 
zero and R' Is H 


XXii 
XXS/i 


XXVHt 

xxxvs 

XXVHJ 


IXIX 


xxviis 

XXXV! 


S.XXH 

LXXH! 
UCXiV 
LXXV 
LXXV! 


formula LIX where R 1 
is— CHy 


formula LX where R' 
is H, A is — NH — , and 
d', d" and f ara 1 


XVii 

XXV!?! 

XXViSS 

XXVII) 


LXXX formula LX where R 1 XV35 XXVs 

isH,d',d"andf 
are 1 and A is — O — 

The radiation addltlon-polyroerizabte, crossltnkable otgomeric compositions useful in making the 
shaped articles of this invention can be prepared by general reactions are wall-known in the art of 
preparing addition polymerfcabfe materials. Thosa general reactions are typically of two types: (1 } 
5 addition reactions, viz.,the urethane- or ureB-farrning reaction between an active hydrogen organic 

compound and isocyanata or the ether-forming reaction between an active hydrogen organic compound 
and and epoxy compound, and (2) condensation reactions, viz., estertficatlon or ethertflcatfon of an 
active hydrogen organic compound with a carboxyiic acid or ester or acyihalide derivative thereof or 
with an alky! ether, accompanied by elimination of a byproduct; for the preparation of some ollgomeric 
1 0 compositions, both types of reactions wiii be employed as shown herein after. Such reactions are 

commonly ussd in synthetic polymer chemistry, e.g. see Saunders, J. H. and K. C. Frlch, "Poiyurethanes: 
Chemistry and Technology", Part 1 (1962), especiaify Chapter ill; tee, H. and K. Neville, "Handbook of 
Epoxy Resins" (1987), especially Appendix 5 — 1; Bruins, P. F. "Epoxy Hesin Technology"* (1968), 
especially Chapters 1 ancf2; Klrk-Othmer "Encvclooadia of Chemical Technofoav" 2nd Ed., Vol. 8, p. 
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313(1 985); Roberts, J. 0. and M. C. Caserio, "Basic Principals of Organic Chemistry", p. 51 8 (1 964). 
These general reactions are thus used to chemically combine "E" moieties with tfie "H" and "S" 
segments to form oligomerie compositions of use in the invention. Generally, the combining of the "E", 
"H" and "S" moieties is carried out in a saquenca of steps; however, under some circumstances, it is 
convenient to carry out the reactions simultaneously and avert to form the otigomarlc composition in 5 
situ during the process of making the replicated plastic articles of this invention, e.g., carrying out the 
ather-forming addition reaction in situ in the replication moid. 

Generally, the urathane- or urea-forming reactions ara carried out at temperatures from 25 to 
1 Q0°C for 1 0 minutes to several hours or more, sufficient to bring about the reaction. Preferably, a 
catalyst such as dibutytttn dliaurate 13 used to promote the reaction. Generalized equations for such 1 o 
reactions in preparing the oligomerie composition used in this invention are illustrated as follows where 
tha precursors of "H", "S" and "E" ara denoted by formulas containing such letters as subscripts, the 
formula containing C as a subscript being a chain extending compound, and g, /5 and y ara as defined for 
formula I: 

r ~» (t) 

The ether-forming addition reactions are carried out generally at temperatures of 75 to 1 50°C {or 
ambient temparaturas when carried out In situ in the replication of the plastic articles), preferably In tha ?0 
presence of catalysts 3uch as Lewis acids, e.g., BFyOICjH^j, or Lewis bases, e.g., 
benzyltrimethylammonlum hydroxide, or photoactive catalysts, such as the aryl.todoniom or sulfonfum 
salts described in U.S. Pat No. 4,081,276, when the reaction Is carried out in sftir. Generalized 
aquations for such reactions in preparing tha oligomer composition are illustrated as follows: 

® 2B 
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Representative ethar-forming condensation reactions are those between "£' and "S" precursors 
having active hydrogens with an N-{fower aikoxymathy!) meiamina as an "H" precursor, as illustrated by 
tha following equations: 

*V<**^ * ****** M*V* *** 


Tha reactions are promoted with acid catalyst such as p-toluene-sulfonlc acid. Generally, temperatures 
' from BO to 1 20°C for one to three hours or mora can be used. The use of reduced pressures to remove 
. volatile lowar aikanol is also desirable. 

Esteriftcation reactions are illustrated by the following equations: 


rSH* s **** W* 8 ^ * ? t CSC! * 

,5 


1 5 Such esteriflcation reactions require tha elimination of a byproduct (water, hydrogen hafide, or iower 1 5 
alcohol). Esterificatlons are promoted by heating the mixture at 50°C to 1 50°C In the presence of a 
suitable catalyst, e.g., totuenesuffonic acid. The use of reduced pressures to remove volatile byproduct Is 
also desirable. 
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Physical properties, s.g„ thsrrrsaS dimensional stability, of the crosslinked polymer resulting upon 
c i wii> ba (ispsndeni on the crosslink density of tha polymer. An 
"indication of that crosslink density can be derived by calmest , I uiar weight per crosslink 

based on the monomeric precursor components of tha aitgotmria composition, That calculation, for 
r example, in the casus of Example ?, infra. is mada by subtracting the gram moles of the "S" precursor K 
from the gram moies of the "H** precursor, and dividing tha difference into the total weight In grams of 
the moeomerie precursor components in the oligomeric composition, the ao-oaicuiated molecular 
weight per crosslink being 1241, Generally, ths calculated motacuiar weight per crosslink for the 
polymers will be in tha range of 400 to 5000, preferably 1 000 to 3000 ths actual value generally being 

. _ somewhat higher because of side reactions, incomplete reactions, etc. . q 

Tha oligomeric products resulting from ths above illustrated equations {1 Ho {13} haye v 
predominantly the structures shown, Ths oligomeric product of equations {1 S, <2}, {5}, {?), (9), and {11) 
are encompassed by generic formula I; those of equations (3), {4}, (10), and {12} by formula LVI; those 
of equations {8} and {8} by formula i.V; and that of aquation (1 3} by formula LVf i. For example, in ths . 

, „ oligomeric product of aquation {1 }, S^Q — , — C0NH-~R H -— NHCO-, and — 0 — R s — Q~-~ correspond g 

1 respectively to "Z", "H", and "S" of formula i where a is 1 . And in the oiigomedc product of equation ' * 
(2), which also tdits within the scope of formula I where or is aiso 1 , R s 0 — corresponds to"g", 
— «C ONH — R K NHCO-4 0™« c QC0NH™-H H ~-NHC0-r S corresponds to the "H" handed to tha 
— CONH — f? H — NHCO — moiety bonded to — 0R s O — corresponds to the "H" bonded to "S", and 

m —Oa s O-~~ corresponds to "S". ~ 20 

Tha oligomer products produced by these reactions often wii! be highly viscous and thus difficult 
to cast in tha replication moid, and in addition may not be capable of producing, the necessary crosslink 
density in tha subsequemiy cured plastic article. Thus, It may ba necessary to add to she oligomer 
product a radiation addiUon-poiyrosr&abla mono- or polyfunctions* diluent monomer, e,g., 2~(N- 

-,g fautyiaarbamyO ethylmeihaerylata, to lower the viscosity of ths casting oligomeric composition and 25 
ensure the necessary crosslink density in the o!u!>u ik density being 

I swell {detem ' >dr>furan, as harsinafter described! within the range of 

3 5 to 200 wt. %, preferably 80 to 1 SO wt. %.. Generally tha amount of diluent monomer used should bo 
iess than SO wt % of the oligomeric composition !vir.„ oligomers plus diluent monomer}, sines greater 

3,3 amounts will reduce the concentration of the "H " and "S" segments below that required to provide the 30 
I >:> 3 top " t i 'i of tins, invention end wilt further increase the shrinkage during curing. 

The oligomarfs compositions ;r e; sing tl e d > tent monomer were used! and the articiea made 
therefrom has the same amount of "H" segments aod ;he same amount of "S" segments (and 
consequently the same rgtfo of these moieties!. Said amount of "H" generally wiii be an amount in the 

3S range of 1 0 to 80 wt. % {of which amount at isast 30 wt, % is due to the carfcocyclic and heterocyclic 35 
groups), "H" preferably being 1 S to 60 wt. %. and said amount of "S" wiii be 3n amount In ths range of 
1 0 to 60 wt, %, preferably 1 8 to 4 S wt. %, the balance in the oligomeric composition being that , 
attributable to the functional moieties "E" and ma diluent monomer from which Unking segments or 
moiaties are derived as the balance of the plastic articles. Those plastic articles preferably have moduli 

40 over tha temperature range of 23 to 1 2G*C which fall on or within the boundary A — B — C — D of FiG. 1 , 40 
which property is measured by tha procedure described In U.S. Pat. 3,853,895 where it Is referred to as 
"storage shear modulus, G' ". The particular amounts of "H", "S" and "E" in tha oligomeric compositton 
are such that the crossilnkad poiymer derived tiretefrpm preferably has such moduli. Said moduli are 
dependent on ths "H" and "S" contents and the crosslink density of the plastic, said crosslink density 

43 being manifested in gel swoil as mentioned above, if a particular oligomer composition hBs "H", "S" and 45 
"E" contents failing withis-s their said ranges and yet the crossiinked polymardsrivad therefrom has a 
dyrjamlc sha3r moduli curva which falls in whoie or in part above the !ina A — S of FIG, 1. iridicative of a 
piaasie which may be too rigid for a particular article of this invention, the "H" content of !ha oligomedo 
composition wiii have to be lowered, e.g., by employing a higher molecular weight "$" precursor or by 
eliminating or decreasing the amount of chain extender In the preparation of the oligomeric 50 
composition, or the crosslink density wii! have to be lowsreti foy using a higher molecular weight "H" 
precursor or higher molecular weight "S" precursor. On ths other hand, if the dynamic shear moduli falls 
in whole or part below the iine 0---C of FIG. I , indicative of a plastic which may be too flexible for a 
particular article of this invention, ths "H" content of tha oHgomsric composition wiii have so ba 

5S increased, e.g., by using a lower molecular weight "S" precursor snc^or errfptoytrig a chain extender SB 
rog ether with additional "H" precursor, or tha crosslink density will have beer? increased by using a 
lower molecular wt. "H" precursor or "S" precursor or fey employing a multi- functional diluent 
monomer, e.g., 1 ,3-hexanedioi diacryiate. The proper perticuiar amounts of "H" and "5" and crosslink 
density lor a particular system necessary to provide the preferred dynamic shear moduli defined by 

qq A 8- --C— -0 of FIG. 1 can ba readily arrived 8t empirically by varying the above parameters as 60 

discussed above. These adjustments of dynamic moduli are bssarf on the generally linear relationship, 
on a logarithmic basis, between dynamic modulus (or tensile strength} and the amount of "H" In the 
cursd plsstlc. 

The materials which can be us«d as "H", "S" and praoorsora m making the oiigomerta 
S5 ' 1 - s and catalysts us 85 
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preparation and diluent monomers and radiation or photo sensitizers and initiators incorporated 
therein, are known mate say of whict - - able. An Illustrative description of 

those materials follows batow, rsfersneg being mads to patents and tha literature for purposes of 
brevity- 

Poiyois which can be used as said "S 1 * precursors include polyester poiyois, such as the lactone 
polyesters described in U.S. Pat- No- 3,1 39,945 {especially the polyesters terminated with 2 or mora 
hydroxyi groups fanned by reaction of epsiian-cspralseione and s poiyoi, polyamine or amine alcohol), 
the hydroxyi-terminatad polyester condensation polymers described in U.S. Pa?, No. 3,641 ,1 99, the 
substantial linear, saturated, hydroxy-tBrminated polyesters described in U.S. Pal No. 3.457,328 die 

, n hydraxy-contalntng polyesters described in U.S. Pat. No. 3,33 1 ,1 1 7, and the hydmxy-terrninatad biock 
polymers of poiyathers and polyesters described in U.S. Pat. No, 3,990,572, Folyether poiyois useful as 
said "S" precursors include the hydroxv-termlnaisd pciyethar condensation polymers described in U.S. 
Pat. No. 3,841 , 199, the substantially linaer, saturated hydroxy-termiriatad poiyethers described in U.S. 
P3t. No. 3 41, ' mer poiyois described in U.S. Pat No. 3,499,852, 3,897,485, 

„ and 3,7 1 1 ,444, and the polyethylene glycols and pctypwpyfciui glycols dee&rSjed" in ilS. Pat Mo, 

1 a 3,860,770. Poiyoiefirs poiyois useful as "S" precursors Snciuda those doscrifaod in U.S. Pat. No. 
3,678,014 and tha a.oj-diois fem ethyiane described In d. Potymaf Science, Part A— 1, Vol 5, 
p. 2893 11 98?}, PoiVsato3na poiyois useful as "S" precursors include the hydroxy-tarminsted diorgano- 
poiysiioxanes in U.S. Pats. 4.098,74-2 and 3,88B,88S, and tha siisxanes having a reactive hydroxy! 

on group bonded to at ieast 2 of its silicon atoms, described in U.S. Pet. Nos. 3577,284, 3,978,879, and 

^ U 4,013,698. 

A particularly useful, commercially available cissa of caprolectone poiyois which can be used as 
"S" precursors are those scid under the Trademark "NiAX", such as PCP— 0200, PCP— 021 0, 

PCP 0230 and POP — 0300 (e.g., see technical bulletin F — 42484 of Union Carbide Corp.}. Other 

useful comnierciaiiy avaiiebie "S" precursors are the polyexyprapyterninas soid under the trademark 
"Jeffamina", such as 0—2000, and si'lico ie poiycarbinols soid under the trademark "DOW CORNING", 
such as 04—3667, 

Poiyrsocyanates, especially diisocyenates, which can be used as "H" praeursors, Inciude those 
described in U.S. Pat, Nos, 3,841,. * 99 843; 3.8 5 876,038; 3,331,1 17; 3,960,572; and 

3Q 4,088,587. Epoxides which can be used as "H" precursors inciude digiycldyi ethers of bfspheno! A, 
diglycidyi isophthalate, diglycidyi phthaiats. o-g'ycidyl phenyl giycidyl sther, digiyciffyi ethers of 
reson mo , f^lytidyi emers tjf ijnfo'oqiy g<ycdyi 
oheny! ether and diglycidyi eiherof hydrogeosted bisphenci A, el. of wis ch a bed in Appendix 

4—1 of "Handbook of Epoay Resins", by H. La« and K. Neville.. McGraw-Hsif Book Company !1 387), 

3 S Farricuiariy useful comrnereiaiiy available ci. ; i3oc.yanatas which can be used as "H" precursors 

include feopharone diisocyanete soid under the trademark "IPDI" by Vaba-Chemia AG and methylene . 
bis{4-cydoh«xy!isocy3«ate} soid under the trademark "Hyiene" WS by DuPont 

"£" precursors which can be used Irsoiude the acryiyi sornpounde described In U.S. Pat. No. 
3,700,843, the hydroxy earyiataa and methacrylatas described in U.S. Pat. No. 3,577,282 t.h 8 

40 ethyienically-unsaturated alcohols described in U.S. Pat, No, 3.2.97,745, the bydroxyalkyl-acrylates end 
methocryiatas described in U.S. Pat. No. 4,065,567, tha etbyianlcaiiy unsaturated alcohols described sn. 
U.S. Pat. No. 3,960,572 3nsf tha following epoxides: butyl giycidyl ether, diglycidyi ether of propylene 
giycoi, diglycidyi sther of butsnadiol vinyicydohexene dioxide, .mixed isomars of bis (2,3- 
epoicycyciopentYiJether, bss{3.4-epoxy-8-n-iethys7ycioh8xylfnsitsyi! adspate, bis{3,4~ 

4g epoxycyclopsntyiSether, 3,4^pox>'-8-msthyicyciohe»an8 caffcoxylate, para-bsrtylphenoi giycidyl ether, 
llmonena dioxide, dicyclopentadisna dioxide and 3,4 apoxy-t-mathyicye!ohaxyime*yi~<1-epoxy~8- 
methylcycbhexane carboxyiate, sii of which epoxides are described by Lee and Neviil, supra. 

' Chain extenders which can be used in preparing the oligomers ussd In this Invention Inidyds the 
known hydroxy-, oarboxy-, amino or mercapto-terminsted compounds useful far that purpose (see U.S. 

SO Pat, No. 3,448,171) 

To promote ol'somer- forming reactions. It is generally tiesirsbis to utliizs a catalyst Typicai 
ssaropies of such catalysts include compounds containing tertiary amino groups, tin compounds and 
titanium compounds. 

Examples of the preferred tin compounds are dfbnty tin d j ■ dwnylhexoste, 

55 tyit > butoxlde, stannous ocf tanno«3 oleate am ;hiorida, 

Con!»ntrafiona of tstaiyst from about 0.01 to about O.S percent and preferably about 0.025 to 0. 1 
percent by weight of the tote! w« ; > 

Tha diluting monomers are additlon-poiymefaab'a monomers, vk,, ethylenlcaily unsaturated 
monomers and vicepoxy reae;ive diiue i t . ribute to the "if, "S" or "E" 

50 content of the oitgomarlc composition depending on ihe g-ass ttensition temparstute.. T of a 
homopolymer of tha par*lc^U' -^nrcmer f tha 5 c 

monomer contributes to the "H" content, below about 250 9 K to the "S" content, and between about 
SSO^K and 3SO*C to the "E" content Tha concept of "'.nam" and "sofft" monomers is wefl known (e.g., 
U.S. Pat Noa. 4.077,326 end 4,077,9321 and has been used to descrioa monomers to be optlonsiiy 
85 used Sn adhesive eomssositsons. 
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Suitabia athyienicaily unsaturated diluting monomers and tha pjass transition temperature of their 
homcpalymers am wail known in poiymsr chemistry jltsratufs, e.g., Brandrup end tmmergut, Polymer 
Handbook, SIS — 81 to 73,. Intersctence Publishers {1967}. Examples of the "hand" monomers {and th«T ( 
of their homopoiymefs} am isobomyi acryiate {38?"K} t methy! methscryiata {378*10, eyctahexyS 
„ chioroacrylate {372°K}, 2<hiorostyrens {392 a fC), 2,WichIoro3tyrene {408°K), styrsrse {373 a K), 
acrylic acid {38G 8 &5 awyiaroids, aeryionitiia i393°KJ and methaeryionitrlle |393 a K). Examples of tha 
"soft** rnonamare (and the T 8 o - s butyl acn ata{249°Kh 

2-ethy;hexyi acryiate {223* K}, dodaoyi methacrylsta {208* Kl, and 4-decylstyrane {208»K}. examples of 
>=> to neither the "hsrd" content or to ths "soft" content butbecoms 
s t ' , j^n9SB«menta{andtheT s of theif homofwlymsrss) are 4,cyciohexy!-{~buten8 

{318°KJ, 1-dodecene {287 a K}, t-buty! ecrylata {2S1«KJ, cyclohexyi acrylata dodacyi acrylata (270°K), 
isoprouyi acrylata {27Q°K}, methyl aeryiata {279*KK butyl mathacrylata (2S3 C K5 ( 4~butoxystyrene 
(320*10, 2-{N*utyicarbamyi)athyi methacryiata (304°K) and 2^N~ethyicerbamyi}ethyS methacryiata. 
PolyethyienicaHy unsaturated monomers also become incorporated into ths Sinking segments and are 
1 r used in small quantities to reduce tha molecular weight of the cured oligomerie composition par i 
1 crosslink. Typical of such compounds ara 1,4-butyisna dimethacryiata or acryiate, ethylene 

riirrtathaerylats or acryiate, trimethyiolpropana df- or trl- acryiate, glyceryl ciiacrylata or methacryiata, 
.glyceryl triacrylata or matbacrylata, gfycidyi scryiata or methacryiata, pantaerythritol triacryiata or 
(< s ^ohanylS-propane, disliyi adipata di|2~ 

2 Q acryioxyatnyljather, dipentaerythritol psntascrylata, neopentyigiycol triacryiate, polypropylene glycol . 
" dlacrylata or dimsthacrylate, and l;3,S-b)-}2-mathacryic^8thyO-Mria23n«, 

Diluting epc-xy-reactiva monomers include phenyl gJycldyl ether, 4-vinyfeyciohoxeno dioxide, 
limonene dioxide, 4-vinyt-cyclohexsna oxide, 1 ,2-cycfohexena oxide, aiycidyS acrylata, giycidyl 
methacryiata, and styrens oxide, 
, s Suitabie additton-pofymariastion catalysts for use in ths oiigomarfc compositions wherein ths ; 
addition-poiymerixabie group is an ethyienicairy unsatu rated group as represented in formula II, vb„ 
acryifc or olefinic, ara catalysts which liberate or generate a free-radlcai on addition of energy. Such 
catalysts are weii known and are described frequently in polymer batten art, e.g.. Chapter II of 

- ry" by Calvert and Pitta John Wiley & Sons { 1 988). included among free- radical catalysts 
2Q ara tha conventional heat activated catalysts such as organic peroxides and organic hydroperoxides; • ■ 
examples are benzoyl peroxide, tertiary-butyf parbanzoatB, cumane hydroperoxide, azobis 
{isobutyronitrtlo) and tha iika. Tha preferred catalysts ara r-n >tc , i which, whan 

usod in an additlon-polymaria'.i'shie group -contiinmi a on whan *a 

compositicii is itradiated. inciudad among such initiators are acylofn and derivatives thereof, such as 
35 benzoin, bsnxoin methyl athar, bsnroio etrsyl sthsr, benzoin isopropyi ether, irstuoin isobutyi sthar, and 3 
flf-msthylbenxein; dikatones such as brnzii and diacsb/i, ate; orgariic suifidas such as diphenyi mono- 
suifida, dipheny! disulfide, decyl phenyl suifide, and tstrsmethyithiaram monosulrlde; S-acyl 
dithkjcarbamstss, such as S-ben?;oyi-N,N"dime!hy!dithfooart3ama?a; phenonea such as acatophenona, 
a.r^o-tribromacerophenone, a.a-diethoscyacatophenone, o-nitro-r^rxof-tfibromoscetophenona, 
40 benzophenona, and p^'-tetfamedtyidiamlRoberaophanona; suifdnyi haiides such ss p-toluanasuifcsnyi 4 
chiorkie, 1 -naphthaione-suifonyl chloride, 2-f?aphth«ienesu!fony! chloride, 1 ,.3-benzanedisulfonyi 
chiorida, 2,4-dinitroben£enesulfonyi bromide and p-acstamidobanzenesuifonyi ehtertde, Normaiiy, ;hs 
initiator is used in amounts ranging from about 0.01 so 5% by weight of the total oiigoroarie 
composition. When ths quantity is lass than 0.01% by weight, the photo polymerization rats becomes 
4g extremely fow. if the initiator is used in excess of 5% by weight, no correspondingly Improved effect can A 
ba expected. Thus, addition of such greater quamity is e 
to 1 .0% of initiator is used in tha oilgomerfc uompoaitiona. 

For those oiigomerio compositions in which the radietio \ > » ^ ^ < 

functional group -contefning moiety is an epoxy group as represented in formulas ! IS, IV, any catalyst 
50 can ba used which liberates or generates a cation jc poiymarbBtiori cataiyst upors exposure to radiation. £ 

ymarfeation. e.g., U S, Pat, No, 
3,828,850 In which it Is taught that photosensitive latent curing agents classified as aromatic 
diexonium salts of a complex anion, a.g., haxafiuoroantimonato, and the Iika ara used for 
photopoiymerbing apoxy monomers, and U.S. Pat. Mo, 4,081 ,278 In which St fa taught that 
S5 photoinitiators capable of re tec - tl v.c poiymerbation cataiyst upon expesura to radiant energy 5 
ara aromatic haiooium, stoma tls Group V'a onium, and aromatic Group Via onlum salts of complex 
anions arsd ara suitabie forfo ' 3 > ' ! s 1 >« 

oligorneno compositions of the invent .0 ' . 1 i vpoiyn >!e 1 'a group-containing 
■nolsty is an epoxy group ara aromatic iodonium orsuifcnium sai& of complex anions selected from 
SO !< 5 borate, hexaflooraphospbsta, \ n 1 o 1 « * Examples of 8 

such salts irteiods dlphenyilodoniym hexafiooroohosphatc, dipheny.'tedonium hexafiuoroantimonata, 
triphanylsulfonlom hexafiuorophoaphata. and triphenyi hexafluorosntimonate. Other preferred aromatic: 

salt cbotploltiators are lie Sodon 1 salts off atics 

snd tha <« ! < ^ > " " f are -J in U.S. Pat. No. 4,049,881 . 
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considerations will influence what psrtscua! < * 3 liens at$ the mods of 

preparation thereof should ba used for that purpose, for exampla, in making retro rsflaedve subs earner 
sheeting for use as highway traffic control markers where such requirements as resistance to 
weathering and high impact strength era essential, erethane-eomaining ofigoroarie compositions 
prsf ersbiy would be ssleo? sd, such as those within the scops of formulas i or LV, tha urothana linkage g 

5 Imparting stability to the shsetmg upon its exposure to Sight heat and moisture, and the mode selected 
for making such oligomedc composition advantageously being that of aforesaid equation (2) because, 
for example, St involves only two reactions steps and results in an oiigsmeris product with a relatively 
high content of "H" segments, necessary for satisfying the high impact strength requirement of the 
sheeting, and because equation (2) permits the use of hydroxyacryiates, such as 2- ^ q 

' G rrydroxYethyimeibacryiats, cyeioliphatlc poiyisocyanates, such as isophorone diisocyanate.. and 

polyester poryoia, such as poSyeaprolactone diois, these three types of resctants being commercially 
available rsw materials which wlli augment dia! of the urashana linkage in providing the desired dagrae 
afweathersblllty. 

s As another exampla, in making flexible video discs, where high abrasion resistance and optical § 

1 *" transparency are important urathana-containing oiigomeric composition preferably would be selected, 
such as those falling within the scope of formulas t or LV, the urtthen* linkage imparting abrasion 
resistance to tha disc, and the mods selected for making such, oiigomeric composition advantageously 
being thst of aforesaid equation {1 ) because, for example, of its limited number of reactions and its 
amenability to uss of resctants wheih are eommereSaiiy avaiiabia and which impaft to the disc requisite 20 

^* flexibility, high opticai transparency, and low hazes; such rsaetants are cycioaiiphatic poiyisocyanates, 
such as isopho.'o.'ie diisocyanate, polyester or poiyether poiyois, such as poiycaprolaeions or 
poiytetramethyiene glycol, and hydrffityacryis'es, which also are eomrfisrciaily avaiiabia and which also 
impart to the oiigomeric composition the property of fast radiation curability. 

2§ As stiii another example, in making Fre x 3 lenses .'here nigh optical transparency is important far 25 

*" Image projection and high focusing efficiency is important for solar heat concentration, urethane- 
containlngoraromat ccarfeo ia < < \ wouid he saiscted, 

such as those within tha scope of formulas i or LV, !ha urethane linkage imparting stability to light and 
heat and the aromatic carbonate moiety imparting high refractive Indox and concomittant iow 

3(3 chromatic aberration, and tne mode selected for making said urethane-contaimng oiigomeric 3$ 
compositions advantaged sty ! i jx r>g said 

carbonate -contaHr<q oilgom s y beirg *he aforesaid equations i3j or 

(10), said equations {1 1 (2}, (9) and ! 1 01 <- * m and being amenable to 

use of commercially available materials as resctants Sot imparting the requisite properties to tha piastic 

3g articles, in tha case of projection lenses and soiar eailsctors, said rcsctam^ can he isophorons 35 
diisocyanate, pciyceproisctane polyols, and hydroxys crylates. 

The shaped piastic artlcies of this invention are iypicaify prepared by pouring or filling a moid ■ 
master with the oiigomeric composition, expoeing the resulting cast composition to acdnic radiation to 
rapidly cure ths sama, and ramoving fmm said moid master tha resulting shaped piastic article which 

40 comprises crossiinksd piastic and has a surfsca bearing microstructurs rapilcated from the mold master, 40 
The psrticufer moid masSer used in replication will depend on tha type of shaped article to b«s 
made. For purposes of making optical Senses, e.g. ophthalmic ians blsnks, having a surface with an 
optical finish, ths mold master can be mads of transparent {e.g., "Pyrex") glass, such masters being 
commercially avaiiabia. For purposes of tnakino { • ^ottral filters, light collectors, 

45 and decorating dscaia, the moid master can he made of metal with the diffraction pattern thereon 45 
made by mechanicaf ru:it?g or holographlcaiiy, such d s t . (erst ^ftciaily 
avsiiasMe, e,g„ sea the "Oiffiraction drating Catalog" (1974), ofPTR Opticis Corp., Waitham, Mass., and 
Bniletins ACA 1004-1-1270 and ACA 1006-1-1-270 of Angenieux Corp. of America, Ooeanslri®, N,Y. 
For cube-comer sheeting, linear fresnei lenses, and ctner shaped piastic articles having raised or 

50 indsntsd microstructure- hearmo su^s- * 1 ad which are mada of pfastfo, e.g„ 50 

acrYiortitfils-butadiene-styrena/or preferabiy {for mass production of such replicatad artlciasj mads of 
metal fabricated directly from s suitable metai by engraving, bobbing, sssgmbiing as a bundle a plurality 
of metai parts machined In the desired c il 5 

e,g„ sea "SIncyciopedSs of Polymer Science 8t Technology", VOL 8, p, 851 0 368), and "Principles of 
55 Electroplating and glectroformina", W. Blum and G. 3. iidgabocm, 3rd Ed. rVScGfaw-Hil) Go,, inc., Chap, 55 
VHI I194S), snd U.S. Pat Mo. 3.8SS,348. 

Where the mlcrostructura to ba rep! c n c tsng originals made of 

plastics which are difficult to wet such as comrner daily available acrylic resins, e.g. that sold under tha 
trademark "UJCITE", 3isets"0formed metal moid masters can be tort ed iron tmed riglnals 

SO and used to make shaped pi . ^ 1 1 ch ? r,-f.-:^c!-<jri ornini."<. * " < senses and go 
* j ' t t sheeting described In ins working examples of this specification) by treating the 

5 to me ' t ' ' le, by ths trass bad in 

U.S. Pat Mo, 3,S86,S2?}, rendering tha surface conductive by 'simultaneous contact, using a two-no«ie 
spray gun, with an ammonicei silver salt solution, and a reducing agent such as formaldehyde or 
85 dextrose < $g 
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nickel bath, and separating tits resulting mstei layer -from the plastic original thtis generating a matai 
master which can b» used for replicating said shapad pisstic snielss or from which second and third 
generation alectiXifarmed nickel copies can be made as required to provide a to&lsng supply for 
replicating said shspsd plastic articles. Where the misrostructura to be rsplfeated cannot be initially 
^ machined en a plastic origins! for purposes of making masters used in replicating such artlcies 3$ Sh» 

video disc descn" bad hereinafter in a working example of this specification, moid masters fabricated by a 
photoresist taehniquas can be used, e.g., see the journal articles in "Science", Vol, 198, No. 4233, p. 
34S (1 377), and "Optics and laser Technology" August 1 977, p. 1 89, 

The cast, curable oSlgcmsric composition can bs cured by exposure to actinic radiation, vsau, 

-, q ionizing or non-ionizing radiation, a curing technique weii-knewn and widely-used; In tha art of radiation , Q 
addition polymerization (e.g., sea U.S. Pat. No, 3,700,643), Typically, ultraviolet radiation produced by : 
such sources as mercury arcs, sunlamps, or xenon lamps, with UV radiation primarily in ths regions of 
about 2000 to 4Q00A, wit! bs most useful, looking radiation produced by electron accelerators, s.g., 
continuous filament or swept beam accelerators, can bs used, wherein the electrons are provided with 

j s the kinetic energy derived from acceleration through a field varying from 1 50 kilovoits up to as high as g 
4000 kilovoits. Useful radiation dosage required to compiets tha curing will vary, depending on the 1 
particular oiigomerie composition used, its molscuiar weight and the crossilnkiog density desired; for 
ultraviolet radiation, a useful dosage wiii generally be in the range of 0.1 to 1 00 Joules per square 
centimeter exposed and tor 'ionizing radiation, such as electron beam, a useful dosage will be 5 x 10* 

20 raris to 1 0 ? rads. Normally tha exposure is carried out at or near room temperature and atmospheric _ _ 
pressure. An inert atmosphere, such as nitrogen at carbon dioxide gases, may bs desired In coring some 
oiigomerie compositions, viz., those relying on frec-radlca! curing mechanisms, e.g., acryiate-, or 
medjacryiate-tsrmfnaied oligomers. Radiation processing equipment ussfui in the practice of thfs 
invention is commercially available, e.g., umraviolat lamp systems sold by Radiation Polymer Corp., 

2g Piainfleid, Illinois, and Fusion Systems Corp- Graenbelt, Maryland, and ionising radiation systems sold 
by Energy Sciences. Inc., Burlington, Mass. and Radiation Dynamics, inc., Long Island, N.V. {Although 
the radiation used in curing the otfgomeric composition has been described in detail herein, as being 
actinic radi 3 >^ iation can be used, e.g., SO* to 1 50°C lor 5 min, to several hours 

depending on the oiigoroaric composition snd catalyst used; thermal radiation ie not preferred because 

30 it !g more tima < dres more energy, and ia not. aa controllable as actinic radiation!. ^ 

Following radiation of the cast composition {actinic radiation effects compiets curing in 1/2 to S * 
seconds generally;, the cured, shaped pfast ~ cle is , led or removed from the mold 

master, Mold release agents may be used, though generally they are not required, Depending on the 
particular shaped plastic article .made and the nature of tha moid master, the mold master can bs 

33 rspsstsriiy used for replication dons ors a continuous mass production basis. „ „ 

in selecting an oiigomerie composition for use In preparing s particular shaped anicie, it has been 
found useful to prepare 3 transmfssive diffraction grating test sample from the composition. Such 
sample can be used to measure replicating fidelity capability of tha oiigomerie composition and the 
thermal dimensional stability capability of the oligomerlc composition. FIG. 2 schematically illustrates a 

40 replicated diffraction grating useful as a testsamcls, the preparation and testing of which is described ' „ ft 
hereinafter. The test measursa the first order diffraction efficiency of both the master grating and . 
rapiicated test sample, the efficiency of which is reiated to tha depth of the grooves. A comparison of 
the efficiency of the replicated test sample to that of the master grating determines the fidelity of 
replications. Generally the oiigomerie composition of this invention will give diffraction grating test 

4 5 samples having a replicated efficiency of at iaast 85% of that of the master grating, For some particular f g 
shaped articles, the replication efficiency must be aignii - r than 85% {for example, for 

rapiicated video discs, the replication efficiency must approach St ieasf S9%) and for such articles an 
oligomsric composition must be selected which will produce a diffraction grating test sample having 
such replication efficiency. Replication efficiency will be dependent on the degree of shrinkage of the 

gQ diffraction grating test sample; the greater the shrinkage,, the Sowar the replication fidelity. Shrinkage in 
turn is dependent on the number of double bonds present in tha oiigomeric composition par unit weight 
thereof, and generally the greater such number of double bonds, the greater the d«sr&® of shrinkage. For 
acryfata- or .msthacryiate-fermfnated oligomers, tha shrinkage will be about 20 cc/gram rnole of double 
bonds, and this shrinkage factor can be usad as a guide In selecting an oiigomeric composition 

55 necessary to yield tha desired replication efficiency. • gg 

therms! dimensions! stability. For example, generally when said test samples ere heated in air in a 
programmed manner from 23° to 1 7Q*C< tha first i - ha ;ficaijy constant over 

Shase temperatures. (By contrast, the first order diffraction efficiency of comparative diffraction grating 

00 test ssm < - . ( a sutyma, a - 0 

polyethyians te a 5 >sn "he temperature reached 

about 70 to 1 1 5*CS T ret o-des diffraction eff c ot :>i grating test samples of 

- ! { c nvt 30 - our Is less than 1 S3i 

as compared to tha first order diffraction efficiency before beefing. Generally, the higher the weight ratio 

sg of "H" to "S" in the oiigomeric composition, and tha lower the molecular weight between crosslinks in g ~ 
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tha shaped article produced therefrom, the greater ths thermal dimensional stability, Is., the smaller the 
change in first order diffraction efficiency upon hasting. 

Some o? ths shaped articles of this invention will require higher thermal dimensions! stability' than 
others, viz., a ehanga Li first ordsr diffraction efficiency on heating at 1 30° of iass than 5%. For example/ 
c repeated cuhe-eomar sheeting, tha use of which exposes it to elevated temperatures, e.g., an a road s 
sign heated by the sun in Arizona, wi!! require a high thermal dimensional stability, whereas a replicated 
video disc, piaysd at room tempsratu.e w ! ' > o rnenstenai stability, 

in addition to the preparation of diffraction grating fast samples, it has bssrs found useful to prepare 
cured, self-supporting film samples Swish planar surfaces! of the olsgomsric composition and measure 
, q the tensile strength, elastic modulus, eiongation-to-bfSBk, and dynamic shear moduli of ths film ( q 

1 samples, ths preparation a i tes - ■- which Is described elsewhere herein, Tha values of these 
measurements will be factors to consider in selecting an oligomer composition for fabrication of a 
particular shapad plastic articla therefrom. For example, a replicated video disc which may have to be 
relatively limp (or "floppy"! for ploying on a particular type of player, would bo prepared from oiigomaric 

. - compositions which yield test fiim samples having relatively tew elastic modulus and dynamic shear ( § 
3 moduli and relatively high eiongstlon. In contrast, a rigid or still replicated Frasnei lens, used for 
projection of Images, would be prepared from oiigomaric compositions which yield fast fiim samples 
having relatively high siastic modulus and dynamic shear moduli, and relatively low elongation, The test 
film samples can also be measured for optical properties as an aid in saiaeiian of an oligomer ie 
composition for preparation of replicated shaped plastic articles used for optical purposes, ag, wlws it ,^ 

" Is necessary to satisfy requirements of high transmission (i.e., 3t least 30%S and low haze {I.e., less 
man preferably lass than Z%}> 

FIGS. 3 and 4 schematically Illustrate a portion of a typical replicated cubs-comer retrorsfleeth/s 
sheet 1 made In accordance with this invention. The geometry or configuration of this type of 3rtic!s is 

2 5 described, for example, in Li. S, Pat. No, 3,81 0,804.. Reference 2 generally designates one of rha minute 2 S 

cube comer elements or formations disposed in an array on one side of the sheeting 1 . Each element 2 
has ths shape of a t it e h } a»^e -id solar to one 

another, with the apex of the prism vertically aligned with ths center of tha base. The angle between the 
faces Is tha same for each cube-comer element in the array, and will be about SO". Said angle can 

-;q slightly deviate from 90* by design, i.e., the angle wiii be dependent upon the particular application of 30 
the sheeting, as is wail-known. For example, in the United States, state governments generally specify 
maximum brightness of rstrorsflectiva traffic control markers at from 0.2° to 2" divergence (or 
observational) angles, thus dictating a spe ;ii jie betwc en tha *3ces of the cubo-comer elements in 
the rnariter, 7ha cube corner elements 2 1n sheet 1 are all of the same dimensions and are aligned in an 

3g army Or pattern of rows ana! columns, the bases being In the 3ema plane, end adjacent elements being 3g 
contiguous at the edges of thalr bases such that thsre is no spacing or fiat areas between adjacent 
elements. Tha cube-comer elements 2 surmount a body portion 3, the lower surface of which is smooth 
or planar, the body portion baing preferably integral with elements, tha sheeting thus being monolithic. 
Generally, each cube-corner element 2 has a side edge dimension up to 0.025 inch {0.635 mm), 

4Q preferably less than. 0.010 inch (0.254 mm), The body portion 3 is sufficiently thick to tender tha 40 
sheeting self-supporting and tough so as to ma vta ec. yot the array of cuba-comar elements 

2. Generally, ths body portion will ba 0.002 to 0,030 Inch {.05 to .0? 5 mm), preferably 0.003 to 0.0 1 0 ' 
inch {0.075 to 0.28 mm}. 

in the application of such cube-comer sheeting as s highway traffic control marker, it will ba 

45 desirable to seal air spaces between the faces 0? the cubs-comer elements with a sealing fiim placed 4S 
over tha top of the elements e.g., in ths manner < b iU.S Pat. No, 4,025,1 59, and coat the 
exposed surface of the film with a pressure-sensitive adhesive composition which is dried and adhered 
to a rigid sheet, e.g., aluminum, which forms a base for the resulting marker. Tha exposed lower surface 
S of ths body partiors 3 of the cube-comer sheatlrjg 1 may be first selectively coated with transparent 

50 ink layers so provide the desired traffic control message, e.g., "STOP", and then coated with a top coat 50 
to protect the message, e.g., against weathering. 

The principle of operation of retrorefiactlvs cubs comer structures Is well known, e.g., see J, 
Optical Society of America, Vol 4S, No. 7, July, 1 SS8, p.. 498, That principle is in essence illustrated by 
RG. 5. Referring to that figure, in which a single cube comer element 2 is shown schematically with two 

55 of Its faces 6, 7 being substantially perpendicular to ona another, as shown by tha angle BQ a ±8, and tha 55 
body portion 3 having an exposed lower surface 8. An incident tsy of light I enters the element 2 upon 
striking surface 8 in 8 direction perpendicular thereto, passssrthfough the body portion 3. strikes lacs 8, 
,ls reflected to the other faces, is reflected from tha latter and passes out of the element as reflected ray 
1 '. Perfect rsfrora flection of uit In ths 

BO reflected ray passing out the element in a path, shown by ths broken line, exactly parallel to the path of 60 
the incident ray. The deviation between the path of perfect reflection and the actual path, {', Is shown by 
- 5 > - vhich will bs 0.2* to 2 s In the cass whare state governments specify the same 

as described above, in order to ahiain and maintain the desired specified divergence angles, the desired 
dimensions and angles of" the cube-comet et < * M nvery 

SS narrow limits. For example, as described t f „v^gsn 85 
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index of refraction of 1 .8 (typical for the plastics comprising the shaped article* of thfst Invention, said 
plastics generally having an irsdex of 1 .48 to 1 .6), the divergence angle $ cm be expressed by the 
equation &»4.g 5, and thus whan 5 Is 0.2°, 5 is 0.04 1 ° or 8.S iminutss of arc, which is an exceedingly 
smsil angle. If the angles between the feces of a replicated cuba-corrsar element cannot be contreltsd 
~ and maintained, e.g., because of shrinkage, distortion upon removal from tha meld, or csf thermal 

dissection,, the efffcSefscy of mtn^raflactSon will be affected. Even a alight isck of control and maintenance 
of tha angle can significantly adversely affect iha efficiency. Rigid, high elastic modulus plastics, such as 
poiy {mothyl roethaeryiste), have thua been resorted to in tha art, however, suob plasties am bflttie and 
have Sow heat distortion resistance. In contrast, the desired angles of She plastic cube corner elements 

,, 0 made in accons'ence with this Invention arc controlled and maintained avsn at elevated fsmparaturos, > Q 
and the elements are flexible, articles with such elements being of wide application, e.g., where high ! 
impact strength is desired or required, as in tha casts of highway "STOP" sign. Additionally, tha 
retrorefieciiva eubs-eomerahsetlng of this invention can bs made wth initial high brightness capability, 
e.g., at ieast 800 candlos/iumen at G,2° divergence angle. 

5 g FIG, 4A illustrates the ocmbifiation of tha replica ted cubs-comer retroraf.activs sheet 1 of FIGS. , 

3.4 with s retroref isctiva beaded sheet 1 4, this type of construction being described in U.S. Pat Ma. 
4,025,1 S3, as a combination cab9--comarexf'sosed-iens product of the general type described in U.S. Pat 
No. 3,1 40,340. Sheet 1 4 comprises a iayar 1 5 of binder material, a monolayer of transparent glass 
microspheres 1 8 psrtisiiy embedded in tha binder massdsi, and specular reflective material 17 

20 underlying and In optica! connection with tha embedded ayrfaee of ths microspheres. The points of 2 0 * 
contact between the spices of cube-corner elements 2 and microspheres 1 8 can be bonded as shown In 
FIG. 4A and as taught in U.S. Pat. No, 4,025,1 59, forming hsfraatlcalSy sealed C3lis or pockets 18, or 
the sheets 1 and 14 can be spaced apart as taught in U.S. Pat No. 3, H0..340, forming sn air gap which 
provides a prism-air intadaca, in this construction, light rays escaping from tha cuba-comar sheet 1 are 

2g reflected back from beaded sheet 1 4, thereby providing wide angularity and divergence of * p 

retroreneotlon. ;! 

Other abides of this invention are echelon or Fresns! Senses, such as thesa with configurations 
described in U.S. Pat Ho&. 3,334,353, 3,372,593, 3,51 1 ,S63, and 4,082,433, end used, for example, 
in overhearf projectors. FIG. 3 iiiustratea a plurality of ana type of such ions 3, vis., linear Frasnal iansas 

30 {fabnea'tad in accordance with this invention, as shown harsbeiowS in tiie form of a continuous sheet 1 0 3 q 
ofconti is v- tsdj - - lenses, which sheet can be cut to separata the individoallenses. The 
>e r-rss^e. -ins made in accordance with this invention makes 
> f > > s < decorative moulom y. < t jbfia moulding, 

described in U.S. Pat No, 3,308,058. 

35 As mentioned hereinbefore, replicated shaped plastic articles can be fabricated in accordance with 

this invention for purposes of Information processing and transmission. RGS. 7 and 8 Illustrate an 
example of such articles, nameiy s video disc 1 1 {the fabrication of which is exemplified hereinafter} 
having spirally arranged tracks 1 2 each of which Is-msde up of circumfersntisily-spaced, minute 
depressions or holes commonly ceiled "mlcropits", with lengths, for esampie, about 1.2 smx widths 

40 about Q.7S jam, and depths about 0.3 pin, and which- sre circunderentially spaced, for example 1 ,5 #m. '^q 
tha variations of said lengths and spacing* depending on the frequency of the carrier signals which are 
recorded on the disc, articles of this type being described in Optics 0- Laser Technology, supra, 
■ Alternatively, the information on the vid30 disc can be in spiral groovas with ths video information 
- appearing on the bottom and wail regions of tha grooves in the form of geometric or topographical 

48 veriatk H 3d, for example, Jo U.S. Pat, Noa, 3,798,63* and 3,882,214.}. The high replication 45 

fidelity capability of this invention is particularly well-suited to fabrication of the above-described 
replicatad video discs. 

Objects and advantages of this invention are iiicfstrstsd in the following examples thereof, in these 
examples, the parts referred to are parts by weight and ths psresnts reisnad to are percants by weight 

SO In all runs In which the addition poiymsrhrabie oligomer products ware synthesized, a dry air atmosphere 50 
was maintained during tha course of reaction. Tha cured Rim test sampiss used for measuring physical 
proper ties were mads by mixing 1 00 parts of the oligomer product (or oligomer product diiutsd with 
diluent monomer} with O.S part 2,2-drethoxyacstophenone photoinltiator, vacuum degassing the 
resulting mixture to remova entrspped a»r, and casting tha mixture to a thickness of 250 microns fusing 

55 <-<ri 1 1 • < in two sheets of J3S-micron thick /atitylgne i < sis /asi 55 

thoreby forming a "sandwich" assembly. Using 3 is bo re tor/ ultraviolet processor <v«,, a "QC 
Processor", manufactured by Sadiation Polymer Corp.; ths "sandwich" assembly was passed slx'times 
on a moving beit conveyor movir^g at 15m par minute under a bank of two medium pressure mercury 
vapor arc lamps operating at 80 watts/cm of length, Ths conveyot was spgocd at a distsnce of 10 cm 

SO from the lames. At the completion of the curing process, the cast rrsktura cured io a solid film of 60 
croasiinked polymer between the polyester sheets, which were then stripped from the poiymer fiim and 
pltysicsi propertiasof the film were then tasted. 

Ths rapilcated diffracfert grating test sampias (us»d for mssr.orirtQ repifcated fidelity srrd therms? 
olrriensicnal stsbiffty) wars made in ths following examples by using a high frequency holographic mats! 

65 * grating master, having 887.7 fin r 6b 
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flat-bed knife eoater) with a 375-micron thick layer of tha oligomer product (or oligomer product diluted 
with dBuaot monomer}, to w slc.hO.S percent 2 2 dwoxyamophsnons had feesn added, A 
polyethylene terepfttfialats polyester film (1 2S-miero« thick) was placed as s cover sheet over the layer 
of curable oligomer material and the < met en was cured with said "DC Processor" by 

g placing it on a conveyor moving at 1 S metres par minute under wo medium pressure mercury vapor 
lamps opt !ng at 80 a; cm of length. A distance between the Ion os and the oligomer s 
of 1Q cm was maintained Afts t 8 Ism etfmfo i 

complete, Tha pofyestw cov«r shset was stripped off and the layer of polymerized product (s replicated 
diffraction grating} was sapsratad from the master and used »isS3f!i' samp Tha tim order diffraction 

-< q efficiency of tha test sample was measured by the procedure described by Beesiay at si In J, Am 
Optics, Vol. 9, No. 12, Dec. 1 970, p. 2720, and tha diffraction efficiency of tha test sample was 
calculated. The test sample was then placed in a forced air circulating oven at f 30°C for una hour. After 
this heat treatment, tha first order diffraction efficiency was agalrs measured and tha percent difference 
from the original value was taksn as the measure of the resistance of she test sample to therms! 

15 distortion. 

Tha diffracting grating test samples were also used to determine the gel swell of tha crossilnfced 
polymers as an indication of the degree ol emssllnkirig thereof (although the gel swell of the cured film 
samples could also have been used for this purpose}. The geli swell was daiermload by Immersing a 
sample portico of known weight, W, {ebootO.S g), of the diffraction grating fast sample In 25 ml 
20 tetrabydrofuran solvent {analytical reagent grade! for 2.4 hours at about £3"C, removing the reacting 
swelled sample portion, wiping or padded off tha adhering film of solvent from the sample- portion and 
quickly determining its weight, W r Tha used solvent was evaporated to dryness and tha weight W s , of 
the dried residue {the soiubilSzed fraction of the sample portion} was determined. Tha weight percent gal 
swell of the testad crnssilnkad polymer was calculated fay tha formula: 


The Sower the percent gel swell, the greater the degree of crosslinking isae "Encyclopedia of Polymer 
Technology", Vol, 4, p. 63—-8S, published by intarscfence Pub. 11 988S5. 

SAMPLES 1 8 

Into e 4-liter metal reactor, immersed in an oil oath and eqolppad with e propeller agitator, 
thermometer, addition funnel, and dry air sparger estanding in :o the reactor through tha lid thereof, 30 

4U tiers were charged 687 g (3 moiasj isophorona diisocyanata {"iPDI") and 0.05 g stannous chloride. 
When the dl'socyaoate reached 70° r * > i b moles} 

warm poiycspraiectone dioi ("NIAX" ?CP 0200} while agitating the reactor contents and maintaining 
the same at about 70°C The resulting mixture was agitated for 1 3 hours at 70°C to prepare the 
Isocyanata-terroinated, poiycaproiactana urethane preooiyrner after which 400 g (3.0S moles} 2- 3 g 

35 hydroxyethyi methacry late was added over a J b > sul < i! ctiort was 

allowed to proceed for 1 3 hours at ?0°C until !nsp3ctlon of withdrawn samples by Infrared analysis 
revealed that assentlaify no residual Isocyanats was present in the reaction mixture. Infrared analysis 
verified that tha resulting oligomer product comprised acryfate-eappea poiycaprolactone urethane 

40 oligomer having essentially the structure shown byfotmu la XVII This oligomer product had a calculated 40 
composition of 3S.8% "H" segments, 43.0% "S" ssgments, snd 21.2% addition polymerixahle groups. 

Cured film end replicated diffraction grating test samples worn prepared from tha oligomer 
product and the properties of those articles were measured and the amounts of the various segments 
and crosslink density of the cured oligomer product were calculated, The results were tabulated in TABLE 

4^ ill together with the results obtained for f»m and diffraction grating test samples prepared from the 45 
oligomer product diluted with various amounts of diluent monomer. 
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M The diluent monomer In all examples was 2-{N-&uty!carbaroy!;ath:yi methacryiata, aseept in 
Example 3, where it was methyl methacryiata, 


.vera measured in accordance with ASTJvl D 1 708, using a crosshead speed of 12- 

g fcr The dynamnJc shear modus! for the cured product of Example 2 were measured according to the 
roc 3 d«s f S < . J - ■ ^ > 

1 0 s , 3.2 x 1 0*, 1 .9 X 1 0 s , 4 s 1 0 ? , 1 -S x 1 0 J . and 1,5 s 1 0* dynes/cm* at 23°, 50°, 80«, 70*, 80*. 
1 00* and 1 20°C, respectively. The plot of thase date on semWogarithm graph paper fails within the 
ares bounded by A — 8 — C----Q of FIGURE 1 , 

1 0 The data of TABLE ill show that dimensional stssUify {as manifested by the change in diffraction 

efficiency on heating) in the replicated articles is dependent on the amount of dHuant monomer used 
'that to its affects on the amount of different types of segments and on the croasfmk density, fnough the 
"H"/"S" ratios in these examples ail were 0.83 {except in Example 3, where the ratio was 1 .83), as fee 
' amount of "linking" segments and the moiecuiar weight (MWS between crosslinks increased, the 
5 § replicated articles had iess dimensional stability. Thus, where a particular dimensional stability vaiue Is 
desired, for this particular plastic system, a particular amount of diluent monomer should be used, too 
much diluent monomer resulting In poor diroenslo *a tat: i t for example, when 80% diluent monomer 
was used, the raplicated article stuck to the moid because the shrinkage occurring upon curing caused 
the mlcTosuuctufs to mechanically "sock" onto tha mold surface. For soma applications of this system, 
20 for example a Frasnai lens to ba used indoors at ambient temperature, a loss of dimensional stability of : 
the magnitude-shown in examples 5 and 8 might bs in acceptable limits, but for other applications, such 
as cube comer retro reflective sheeting, such losses will be unacceptable and the plastics of Examples 
1 — 3 would be used. 

EXAMPLE 7 

25 i Mno hi " t or 3 7 ? 4 c (1 OS? onies) 

polyeatproi •. • NiAX" PC? 0300). 334.8 g (1 .58 •nyg-athyl 
methacryiata as a diiuent monomer, 573.3 g (4.45 moias) 2-bydroxyethyl methaoryiata, and 0.38 g 
dibutyiiln dileurats. and the contents of the * i it - sous. Then there 

was added 800 g (3.43 moles) of methylene faisH-cyciohexyiisocyenata) {"Hyteoe" WS| over a two- 
30 hour period with precaution taken to maintain the temperature below about 75°C. After the addition 
was complete, the resulting mixture was aiiowed to react further tor 1 2 hours at 70"C, at the end of 
which time inspection of the Infrared spectra of withdrawn samples of the resulting product showed it ■ 
did not contain ssocyanate, indi eating complete reaction. Infrared analysis verified that the resulting 
oligomer product comprised acr/fate-capped, polyester u re thane oligomer {excluding the diluent 
35 monomer) having CssemSeSiy tha structure of formula XXX. The oligomer product had a calculated : 
composition of 37.8 % "X" segments, 24,0% "S" segments, end 38.2% linking groups. 

The oligomer product was diluted with 334.8 g {1,58 moias) 2-{N--butyfcarbamyi}«thyi 
mathacryiate to provide a 70% solution of the oligomer product for preparation of cured film and 
diffraction grating test samples, the composition and properties of which era set forth in TABLE IV, 

40 B<AMPL£8 < 
Into a 1 -lltsr metai reactor, equipped as described in Example 1 , ware charged 200 « (0,083 moleh 
po|y{dimethylaiioxan»}trioi siffcoos fluid {"Dow Coming" Q4-3S57), 2 10 g ft ,80 motes) 2-hyrfrGxyefhyl 
methacryiata, and 0.3 g of dibutyitln diiaurate, 7fts m'wtura was heated to6S°C id 220 g. ' » 
isophofons diisocyanata { "iPOS 'l wes added ovar a two-hour period. The reaction was complete in 1 6 
4S hours as determined by infrared analysis for isocyanats Ih f - a a 

uteihane oligomer product had a stru - < tiali> 1 • . - ; O - m of the. 
product was diluted with 20 pans 2-{N-fautySc®rhamyi}ethyi mefhacryista diiuent monomer and' the 
diluted oligomer productwas a . 

which are set forth in TABLE 1Y. 

50 SXAMPL6 8 

into a 1 -titer reactor, equipped sa described in Example 1 , were charged 1 42 9 S0.S4 mole) 5 
Isophomrts diisocyanate ("iPO!") and 0.1 3 of dibutyitin ciiaomts. Next, 200 g {0,32 mola) 

m ■> dioi f."Polyme§" 830. having a weight average- > > s weight of 600} was' 

i slowly over a 3 >. ttsraw - 

nn 1 1 * ^ - ' C, 88.8 g {0.88 

matbscryiate was added to tha resulting isocysmte-terrninated uretbane prepoiymer product and th» £ 
mxtur& aiiw ; s p , - 
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product indicated that compiste reaction of isocyanaia had occurred. As verified by infrared analysis, 
the acrv a i j oiy atrsar urethans oligomer product hsd essentially the structure of formula XVhl 

Eighty parts of ths oligomer product was diluted with 20 parts 2-{N-butylcarbarnyi)8thy! 
msthacrylate diluent roonamar and the diluted oiiocmar product was cured to form film snd diffraction 
g »g is compositions and properties of which are set forth in TABLE iV. g 

EXAMPLE 10 

into a 1 -liter reactor at room temperature (2-S B C) were charged 224 g (1.10 moles) ssspherons 
m'fcocyar<8te {'IPOi"! ana' 0.3 g of dibutyitln diiaureta, and ihen over a period of about 43 minutes there 
was added a mixture of 31 2.5 g {0,25 mole) poiyeaprcisctans dloi \"H\AX" PCP 0230) and 27 g (0.3 
10 mole) 1,4-butaneriioi chain extender, and tha resulting reaction mixture aliowed to rise to 80 C C without 10 
application of asternal heat. After one hour, to ths resulting isoeyanate-tsnninated, chairs-extended 
k . , poiymef oduct, there was added 151.3 g {1.1 S males) 2-hydroxysthyi methecryiete sod 
< $ tained at 75°C for 8 hours, Tho resulting aeryista-cappad. chain-extended, 
polycaproiaetons urethans ottgomef product had essentially tha structure of formula XXlii, 
1 5 eighty parts of the oligomer product was diluted with 20 parts 2-{M4>iity!carbamyl}athyl 1 5 

roeshacryiste, and the diluted oligomer product was cured to form fiim and diffraction grating test 
samples, tha composition and properties of which are set forth in TASLH IV. 

EXAMPLE 11 

Into a 1 -iher reactor, equipped as described in Sample 1, was charged 1 57 g {0.80 mole? 
methyienabis-IA-cyclohaxyiisocyanata} ("Bytana" WS), Then, while stirring, there were added, over a 20 
period of ana hour, a mixture of 288 g 10. 1 2 moia) polyfdimsihyisiloxanaldiol silicons fluid {"Dow 
Coming" 04~3687) and 1 .83 g IQ.Q3 mole) 2~amlncsthanoi chalrs-axtander, and ths temperature of the 
resulting mixture was allowed to r ise to 70 S C, Tha reaction was allowed to proceed for an additional 
hour at which time 1 3 1 g (1 ,00 mole) 2 -hydroxysthyi inethscryiata was added to tho resulting 
ssocysnsts-terrninsie. chain-extended, us< , ct. Ths mixture was held at 25 

* J 70°C and She reaction was qomo ats in 1 2 hours a > VSiS, whereupon 248 g 

(1.08 moles) 2-{N-butyicarbamyl)«fhyl mathacrytatu diluent monomer was added. Infrared analysis 
verified that the resulting acrylata-sapped, chain-extended, poiycapralactens urea-urethane oligomer 
product {sx< - >n\ monomer) had essentially th3 structure of formula XXXit'S. Cured film and 

;<0 ' tract i . i test samples ware prep ad § snd properties are sat forth In 30 

TABLE IV. 


EXAMPLE 12 

into a 1 -liter reaction vassal, aquippeo as in example I , were charged .1 20 g (0,46 mole) ' 
msthyionebla»!4-oyc!oh8xy1isocy3n3te) {"Hyiena" WS) and 0,25 g of dibytylfin dtlsurata, and ths 
3 g mixture heated to 85 — 70"C while stirring, There was than sdded over a period of one hour a mixture of ^~ 
1 1 9 g {0,09 1 mole! poly{din>emyl-slioxane|dlol silicone fluid ("Dow Coming" Q4—3887} and 48 g 
(0,023 mole) polyfoxypropylanaj diamine {"Jeffamlna" O-2000) and the resulting mixture haatsd with 
stirring for an additionai hour at 70*0. To tha stirring mixture containing the resulting isocyanata- 
terminated, polysiioxane-polyather, urea-urathana prepolymet product was added 131 g {1 moie) 2- 
4.0 hydroxyotbyl methacryiate and the resulting mixture was heated for three hours whereupon it waa ^ 
found by infrared analysis that all the Isocyansts therein had disappeared. As verified by infrared 
analysis, ths resulting acryfate-capped, polysiloxane-polyetrtsr, urea-urethans oligomer product had 
essentially the structure of formula XXXII, 

films and diffraction grating test eamoias ware prepared using 70 parts of the above "oligomer 
t ^ product diluted with 30 parts 2-(N-butyScaroamyi)ethyi metbscryiata. tho compositions and oropertfas & « 
" of these articies being set forth in TABLE IV, 

EXAMPLE 1 3 

into a 1 -liter reaction fiasfc, equipped as in Example 1, were charged 250 g (0,3 S moiei 
methyianabls-i4~c>'ciohaxyiisocyanatai {"Hyiene" WS}, iSO g (0.84 mote! 2 f - 
c;q mathaaryiata. snd 0.5 g of dibutyftin diaiurate. Tb.n mixture was heated to 50 C C and a mixture of 8. 1 g ; - 0 
(0. 1 mole) 2-amfnoeihanoi atsd 322 g {0,3SS rnoief of polycaprolactonedb! INSAX PCP 02 1 0) was 
add-id overs one hour parted. Then 131 g {1.0 'Bote) 2-hydroxyetbyt mathaciviate dlfoant morsomar. 

^ ' \v«aconf.;m?d by 

infrared analysis that Isocyanata had disappeared. As verified by infrared analysis, ths resuitiing 

gg M N i , - t 1 

ens? -uzti, urea i re > h s*f f s i u< ' ^ v )u a XXXiV 

a % ' ps rta 2 -{N -ft u tvlca rbs 

m ,v re yiafe m a^o di*fmction grating test samples, tha compositions and 

properties of which are sat forth In TA8LS ;V, 
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EXAMPLE 14 

In s 4-Htar reactor, equipped as in Sxampi« 1 , a misters of 1 5.1 g {0.1 3 male) 1 ,8- 

0 52 mote) pofyidimethyisHoxarieJiife; silteorw fiuJd ("Oow 
Corning" Q4-3687} was added during 3 orsa-hour period to s mixture oS 572 g (2.58 mote) Isophorons 
§ diisoeyanata {'WDD and 2 g of dibutyliin djlaurate white maintaining the temperature of the reactor 5 
contents at 65~7Q a C The mixture was heated at this temperature for an additional two hours to 
obtain the isocyanata-terrrsinated poiyslloxana. urea-urethana prepofymer product, and S36 g i2.78 
moles) 2 hydro <• > tr en added over a one hour pedesd. The resulting mixture was 

ailowd io - , 65 — 7C , ^Msccyarsate, as determmsd by infrared anaiyais, 

\ o was observed, the parted of r section so required being 48 hours, infrared analysis verified that the 1 0 

resultiing acryiate-capped, polyester, uraa-yrethane oligomer product had essentially ths structure of 
formula XXIV. Tha n-.iKturs was cooled.. 593 g (2.5? moles) 2~M-butytearbamvi!athyi methacrytete 
diluent mononiar was added, and fiim and diffraction grating teat samples were pf spared from ths 
diluted oligomer product, ths compositions and properties of these articles being sat forth in TABLE iV. 

1 5 EXAMPLES ? 5A and t SB 1 5 

in a first run (Bcsmpie 1 5A}, into s LS-liter reaction fissk, equipped as in Exampis 1, were placed 
250 g (0.99 rnoie) medtyianabla (4-cyctohaxyiiaocyanatsS CHyiana" WSi arid 0.1 g dibutyitin diiaurata, 
Tha misters was hasted to 65 — 70*C and 483,2 g (0.55 moia) poiycaprolaetonedioi {"NfAX" PC? 
0210) was added over a period of 1.3 hours, isoeyanate equivalent weight of the respiting reaction 

20 mixture was than monitored by butylamine titration aa tha reaction proceeded. Whan tha ispeysnata 20 
equivalent weight reached 738,. indicative of compiats reaction of the dioi to produce the dasirad 
isoeyarcaf.s-terrrilnatad, poiycaprolaetona, iirethane prepoiymer product, addition of 2-bydroxyethyl 
mafhacrylate was initiated. During 1 S minutes, thare was added 143 g {1 .10 moia} of tha mathaeryiats, 
taking care that tha temperature did not rise above 75 0 C. After the addition, heating was continued until 

25 infrared anaiysis indicated that isocyanete had disappeared (14 hours), infrared analysis varifled that the 25 
oligomer product was an acryiate-capped po>^ s tructure 

of formula XXXL in a second run (t stamp 1 ; ste * SPDi"!, O.S g 

dibutyitin dllaurate, 1 000 g polycaprolactone d!oi ("NJAX" POP 021 0), and 300 q 2~hydroxy«thyi 
maihacryiate wars reacted in tha sama manner as the first run to produce an oligomer product having 

30 :ha same structure as fonrsuia XV!! except She njr 5e ofrst a? 3.2 S 20 

ay, rather than 1,88 av. The oligomer -> of 2-iN- 

butviearbarnyOethy! msthacryiats for preparation of fiim and diffraction grating test samples, tha 
compositions and properties of which are sat forth In TABLE iV, 

EXAMPLE 18 

3g !«to« 1-Shi > ■ •;>: tior i ssk, equipped as in Example 1, were placed 88.8 g {0,4 moia} isophorone 35 

diiaocyanate CIPDI") snd 0 2 dibutylt u ' aurate. The mixture was haatad io 70°C and 250 g (0.2 
mole) poSycaprolactonadioi TNiAX" POP 0230} was added during 40 minutes white maintaining the 
temperature of the reactor contents at 70 — 75°C. flte mixture was haid at this temperature for three 
hours, resulting in an isocyanate-tormSnated, poiycaprolactcns urethane prepoSyrnar, There was then 

40 added S5 g (0,45 male) 2-hydraxyethyl mothacryiate and heating was continued at 75°C for 1 5 hours. 40 
At tha and of this time, infrared analysis indicated that tha isoeyanate group had disappeared. As 
verified by infrared analysis, the seriate-capped, poiycaprolactone, urethane oligomer had essentially 
the structure of formula XiX, The oiigomer product was diiutad with 20 percsm by weight of 2~{N- 
butylcarbamyi} athyl meihacrylate and fiim and diffraction grating test saropias were prepared fram tha 

45 diluted product, the compositions and properties of these ariieiss being set forth io TA3LE IV. 45 

EXAMPLE 17 

Ssampis 1 was repeated except that the poiycaprolaetertediol used was "NiAX" PC? 0240, The 
resulting acryfata-capped, poiycaproiactone urethans oligomer had the same structure as that shown by 
formula XiX, but the number of repeating units in the polyaster segment was B.4 {AV,j Ths oilgomsr 
gg product i ted witi ^ ' 'lcarbamyi)ethyi methacryiatefor ^® 

preparation of fiims and diffractteft grating test samplas, ths compositions and properties of these 
articles being set forth in TABLE IV. 

The data of TA8L£ iV show that though the "H"/"S" ratios varied from 0.2271 to 1.57/1 arid tha 
physical pr 

55 I r \ ' * •• » aa 

aoceptabia vaiuea, though ^e e jo« n, the desir c 

use of one system rather th,an anothar, Tha opticul properties shown for those systems wfii aiso dictats 
tha pert:cu!sr applications to be mada, for exampis, a tens eppitcation wouid require high transmission, 
e.g. greater than 81% and cw ^ >i S%, whereas a retrer* i ; diseccuid 

tolerate lower train sot 
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!s) Thess properties ware dotanrslned according to ASTM 0 1 ?08, using a crossiiasd speed of 

1 2-sn/mfn (30-crrymin}, 
{b} Thess properties wore determined according to ASTM D 1003. 

Portions of the films a! Sstaroplas ?, 3, 13 and 1 5 wera used to measure their dynamic shear 
5 moduli according to the procedure of U.S. Patens 3,853,335; these measarsmanta were plotted on 
semslogar-n-n craear aisd \,a «l if temperatures are set forth in 

TABU V, said plotted curves failing within she area A — 8 — C — D of FIG. I 


TABLE V 

Dynamic shear modulus, dynes/crn 3 ' 


Temperature 

»C 7 9 13 ISA 15B 


23 

3.7 x 10* 

5.3 x10 s 

1.9 x10 s 

1.4x10 s 

2.0 x10 s 

40 

3,2 xlO* 

1.3 x 10* 

1,4 x SO 8 

1.1 x 10* 

1,2 x10 s 

SO 

2.7x10* 

0,8 xT0 s 

0.3 x10 s 

0,9x10* 

3.0x10* 

60 

2.0 s 10 B 

2.Sx 1Q a 

1,7x10* 

0,5x10* 

1.4x10' 

70 

1,4 x10 s 

1.1 x 10 s 

?J»x 10 ? 

1.5x 10 s 

1.0* 10' 

80 

3 x 10 s 

S.Ss10 J 

8.1 X 10 s 

7.5x10» 

8.0 x10 s 

too 

1.8x1 0 s 

4,2 xl0» 

3.3x10' 

4.2 x 10' 

8.9x10* 

120 

8.2x10* 

4,0x10* 

.3.0 x10 ? 

3.4 x 10* 

8.Ss10 8 


EXAMPLE 13 

10 toa 800-mi glass reaction vassal equipped aa in EXAMPLE 1 , were added 200 g (0.9 1 moia) 1 0 

isopborona dtlsocyanate {"SPDi"S, 6 drops of dibutyitin dilaursta catalyst, and 80 g (0.35 rools f 2-{N- 
batylcarbsroyliethyi mathscrylata. Whlis maintaining thorough mixing of Iba reactor contents, 60 g 
(0.87 moiis! 1 ,4-butansdfoi was a&Jsd slowly and the temperature was kept below about 80 a C. The 
poiyrnerfeatton was allowed to proceed for 2.3 hours, 3t which times the isoeyanats equivalent weigh* 

1 5 was found to he at 383, indicating a complete reaction to form an isoeyaoste-tsrmlnated, ehaio-axtand 1 5 
urethane t it ct containing a block of the following structure; 



To the above-prepared prepofynusr product, 89 g {0.107 mote} poiyospreiactorts dtol ("NiAX" POP 
02 1 0) was added end allowed to react for 2 hours. This was followed by 309 3 (Q.23S mole! 2- 

20 hydre-xyethyi methacryiate. 5ha«. so ting reaction was complete, as dstarminsd by infrarad analysis. In 20 
an additions! 1 1 bou s, F^.a - < ma bloc 

oligomer p, 11 < -< * \ >a mams and 18,3% 

solycaorolactone "S" segments, Mwed analysis of the oligomer product cenOrread ft had asssmlai'.y 
■ha structure of f'o on u!a XXV. 

25 Fifty parts of tha sisove 5 t j un ' 25 

soivam, and 1,0 pan 0? 2^-diathoxya satophanona wss added lo tha mixture and tha resulting 
composition w 5 ma ; ted £ fraction grating by fhs prcc dherei > '< s 
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during the preparation of the grating, the solvent was allowed to evaporate from ths solution, leaving 
ths oligomer layer on ths master molding surface. Ths dimensional stability of ths subsequently 
radiation-cured grating was determined by ths aforesaid procedure and found to be acceptable as 
shown by ths following data: 

First order diffraction efficiency 


Before heating After hasting Changs 


24.7% 23.0% -8,9% 

EXAMPLE 19 

Eighty g {0,2.35 mote} of She diglycldyi ether of bls-phenol A ("QER" 322) was combined with 20 g 
1 0 {0,024 mote) poiycaroiaotone dioi !"NiAX" PCP 02 1 0), 2 g of ths phosphorous haxatiuorida sait of the 1 0 
diphanyi iodonium cation {as a phettoinitlator}, and 0.5 g of 2-chioro thioxamhona (as a phofossnsstixar), 
A diffraction grating was prepared from ths resulting mix'.ure by the procedure described heroin before, 
the cured polymer containing 63% "H" segments, 20% "S" segment units. Ths in situ formed oligomer 
had essentially ths stwcture shown by formula LIS. The dimensional stability of ths diffraction grating 
1 5 was tsstsd by ths aforesaid procedure and found to be acceptable, 39 shown by the following data; 1 § 


First order diffraction efficiency 


Sefore heating After heating Changs 


28.8% 25,5% -4.85% 

' The ga| swell of ths crosslinkad poiymar was 40%. 

20 EXAMPLE 20 20 
To 70 parte of diluted oligomer prep t • < p stare of 88 

parts oligomer end 30 parts of 2-<N bury - nathacrylate) were added 30 further parts; of 

ths latter oieihaeryiate and 0.7 part 2 ,2-diathoxyaeatophenone.The resulting mixture was mixed 
thoroughly and vacuum degassed to remove air bubbles. The resulting curable mixture was poured onto 

25 a rectangular {20 cm s 30 f.m) metal moid master Of oleetroformed nickel whose molding surface was in 25 
the fonts of an array of about 50,000/toch* {7800/cm*} negative or female cube corner depressions or 
cavities 0. 1 28 mm in depth, each edge of each ouW corner being 0.0045 Inch (0, f 1 5 cro5 In length. 
The resulting layer of the curable mixture was covered with a 3 mil {0-077 mm) thick film of 
polyethylene terephthaiata polyester. Ths resulting construction was placed in 8 2 ton {19 10 kg) platan 

3Q press and hosted under pressure to 70*0, this operation forcing the curable mixture into the cube 3 q 
comer depressions and forcing out air bubbles, The construction was then subjected to radiation curing 
using an ultraviolet radiation processing unit f'QC Processor", made by Radiation Polymer Oarp-5 in the 
same manner as that used in preparing the diffraction grating test samples described above. A total of 
10 passes of the constmction in a nitrogen atmosphsr a at a conveyor speed of SOft/min. {24.5 m/min.) 
was used in ths curing operation. The resulting cured sheeting of the replicated array of cubs comers, 
having an ovsraii thickness of about 10 mils {0.25 mm), was removed from tha mold and then square 

3S pieces, 9 'inches* (58 cm*}, were ctit from the sheet as test specimens. Each tost specimen was 

mounted on an aluminium panel (by adhering the edge portions of the specimen to the panel with 3$ 
pressure sensitive adhesive taps}, with the cube comer elements in contact at their apices with the 
panel and with air pockets between the cube corner elements tapped between the specimen snd parte?, 
thus forming a retrorefiective article based on a form depicted in FIGS. 3, 4. 

Ons of the shove arep&reti articles was tested for retrorefleetMty by piecing it in 3 darkroom at 3 
distance of 50 fast {15 m} from a light source mo s 

exposed fiat surface of the ar > * jfit todetector was 

positioned at a small angle ("divergence angle") relative to the plane normal to the srticie and the 
brightness of the article upon iiJuminatkm of the light source was measured {in accordance with test 
procedure 4.7.7.2 of U.S. Fsderoi Specification t-S-3003, July 1 2, 1 974), at the customary divergence 
angfa o? 0 2 \ Following thase measurements thi seated at i ' 0°C in an air oven for 120 

hours, cooled to ambient room temperatt $ was .7 ' sin. The other of the 

3bove-c>r«pared articlss were coated with s methyl ethyl ketone solution of servile topcoat (sold as 
XPS03 by Rohm & Haas Co.? containing 0,5 wf,% "UVlNUL"-539 acryista UV-ebsorbar, and the coating 
dried to provide a 0.01 mm thick layer. Then, ths so-coatad articis was placed in an XW Westheromster 
and exposed thereto to temperatures up to 4S n C, intense uhravbfet tight, and restive humidity of 90% 
and higher, tha articis being withdrawn periodically, tested for brightness determination, and reinserted. 
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The other coated afticia was aubjected to prevailing weather condition In tha state of Florida for 1 year 
and tfse bfigbtr.ass measured after such esposure. Tha results of ths brightness tests are as follows; 


Brightness, 
candiaa/lumen 


at 0.2' divergence 
angle 


Uncoated article 

Before hasting 1630 
After hasting 11 20 

Coated article 

Exposed in XW Weatherortw after 

0 hours 1373 
100 hours 1108 
500 hours 84? 

1 000 hours 9S0 

1300 hours 355 

Florida artscfe 


After 1 year exposure 402 

The above data show that ths various s - < '-^ghtnes*, particularly in comparison with 

commercial varieties of gisss-b«53ded rsirorafiectiva shssting, for axampia es tsugbt In U.S. Pat, No. 
2,407,880, which typtcaiiy exhibit a brightness of 30 eandies/iuman. Ths relatively smaii changes in tha 
brightness of ths articles show tha dimension stability of ths cured plastic 

EXAMPLE 21 

One hundred kilograms of oligomer product prepared as described In Example 1 5A was diluted 
with 30% by weight 2*oydroxyethyl metbacryfats. One percent by weight of a benzoin ethar 
photoirsitlator (sold under ths trademark "ViCURE" 30} was added and blended thoroughly with tha • 
diluted oligomer product, Ths resulting curable mixture was then used to malca In a continuous process 
a continuous sheet {33 errs in width) of contiguous, raplleatad, linear Fresnel fens elements {ca. 30 cm a 
30 cm), like that of FIG, 8 using ths equipment schSirtancaHy shown In FiG. 9. 

In this operation, a stream of the curable mixture was supplied from source container 31, to * 
metering pump 32 which passed ths curable mixture to extrusion dia 33. The curable mixture was 
extruded onto s metal master roll 34 of slectroformed nickel, containing on its surface ilhaar FresneS 
lens elements pattern 35 having a line frequency of 1 00 lines/inch {39.8 lines/cm), s cover film 38 of 
polyethylene tsrephthalata polyester,, passing over roils 3? a -a 38 art 3 ' dup roll 33, was 

3 i I rs&fi pattern 3 ovsred < 

layer passed by a bank of medium pressure mercury arc lamps 42 (made by Radiation Polymer Corp.) at 
a rata of TOft/rnin. 13,1 rn/rnirU and tha resulting ! a ,w > ; replicated 

Frasnei lenses was wound as a roil on tha windup roii 33. The laro'msta 43 was removed from the 
si?ipduptO! 3 1 - > < e ssne 'ana 

elements cut therefrom, A focusing array of four socb tens eiemams was mounted to s package and the I 
latter was Inserted as a Freanal lens or>\s ' py tha 

CVS Compa'-vi a - - s raneparency 

{containing a variable frequency target, pattern} onto a prelection screen at a magnification of about SX, 
The resolving power on the screen wss found to be excellent, as viewsd by tha unaided eye at normal 
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viewing distances,. 
EXAMPLE 22 

A metal video disc master prepared in a manner like that described in "Optics 8- Laser 
Technology", supra, was mounted in a moid cavity designed to hoid the master flat Tha master 
conta.ned informal on *, oior, 30-minote, sound movie) In thB form of 1.5 micron long, 0.75 

micron wide, and 0.3 micron high raised areas arranged in radial tracks spaced absu? 1,3 microns apart 
A vacuum degassed sample of the oligomer product of Example S {diluted with 3Q% by weight 2~ 
hydroscyathyi methacryiate and containing 0.75% 2,2-disthoxyacetophsnone) was injected by a syringe 
into the moid, which was covered by an optically ground, smooth glass plats 1/2 inch (0.1 27 cm) in. ' 
ihiokness, leaving a moid cavity 1 0 rmf (Q.2S4 mm) in depth between the master molding surface and 1 
the glass piste. The construction was exposed to ultraviolet radiation using the processing equipment 
used to cure the above-described diffraction grating samples. The resulting repiicatsd video disc, 
schematically shown in FIGS. 7 and 8, was removed from the moid and it exhibited to the unaided eye 
under visible light a diffracted light pattern tike that of the video disc master. The information-bearing 
surface of the replicated video disc was vapor coated wish a thin layer {about 2000 A in thickness! of < 
aluminum to permit reading of the disc by reflection, Reacout of the information was accomplished by ' 
playing the disc on a laser beam player, such as that described in "Spectrum", January, 1 975, p. 67. 

{Tie reproduction of the movie film was of excellent quality with a high-slgnai-tes-noise ratio. 
Examination of the replicated video disc with en optimal microscope revealed that the disc had a total 
eccentricity {or "out-of-roundnesa") of less than 0,5 mil (0,01 3 mm}, attesting to the outstanding 2 
dimenttonai stability of the replication, Tha video disc was also inverted with tha information on the 
down-side and played on said laser beam player, the laser beam being transmitted through the plastic 
interior of the disc to the information bearing surface (where modulation occurs), and then reflected 
back through tha plastic interior to the ph diode of the r. -aver. In this inverted mode, the reoroduction 
of the movie film was again found to be excellent, attesting to the optical homcgenity (viz., freedom 2 
from birefringence) of the plastic. 

EXAMPLE 23 

The oiigometfc composition of Example 7 was aiso used to make s diffraction grating test sample 
which wag cured with an electron beam processor (said ur,dar the trademark "Esecirocurtain"), using a 
1 2-l~ch (30 tron beam, a dosage of 5 x 1 0 8 rada, sod a nitrogen atmosphere. The first 3 

older diffraction efficiency of the sample was 22.5% before heating and 2 1% after heating (at 130°C for 
1 hour), tha change on heating being 6.8%. 

Various modifications 3nd alterations of this invention will become apparent to those skilled In the 
art without departing from the scope end spirit of this Invention, 

CLAIMS 

1 . An article comprising a shaped, plastic, monolithic layer having a microstroctu re-bearing 
surface and comprising crossifnksd polymer composed of (1 ) a plurality of hard segments of mono- of 
polyvalent moieties containing one or more carbocycllc and/or heterocyclic groups, and {2} a plurality of 
soft segments of mono- or polyvalent moietiss. 

2. An article according to claim 1 wherein each of said moieties of said hard segments, when their • 
^ vaiances are satisfied by protons, hes at feast one major transition temperature above 250*S<, and 

wherein each of said moieties of said soft segments has a rsumber average moiaeufer weight of about 
500 to 5000 and homopoiymers thereof riave 3 glass transition temperature below 250°K, 

3. An article according to claim 1 wherein said crossilnked polymer has a gel swell within the 
range of 35 to 200 weight percent. 

45 4, An article according to claim 1 wherein said crossiinked polymer has 10 to SO weight percent 4 

of said hard segments and 1 0 to SO waight percent of said soft segments. 

5, An article according to claim 1 wive* i ynamic shear moduli, 

over the temperature range of 23 fl C to 1 20°C, which fell on or within the boundary of A~~8 — C — D of 
50 FIG, 1. § 
8, An article according to claim t « - - - i polymer has a 

first order diffraction efficiency which changes lass than 1 8% when heated at 1 30°C for 1 hour as 
compared to the first order diffraction efficiency before heating, 

7. An article according to claim 1 wherein said mierOstructure-bearing surface has an average 

55 profile which is piano, convex, concave, aspberic, or con^l rj sea having 5 

discontinuities whose heights deviate from said average profit© by ±0,005 #m to ±750/«n, said 
surfaces being free of utilitarian ' * k or having or;;? or ;? plufBlify of utilitarian discontinuities 
which are tha same or different and apac.ed apart or contiguous in a random or ordered manner. 

8. An article according to claim 7 wherein said microsfrucnire-oearlng surface is free of utilitarian 
80 discontinuities. 15 

3. A shaped pisarJc article comprising a shaped, plastic, mcnoilthlc layer having a replicated 
microatructure-bea ring surface and comprising crossilnked polymer composed of it S a plurality of bard 
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segments of mono- arpoiyvaiertt moieties containing ana or more earbocyelSc and/or heterocyclic 
groups and ^functions! Sinking groups with ( v , t * >Jityof soft 

segments of mono- or poSyvasarst mo'settee, whersirs each of said rrsaiatsas of said hard segments, Vihars 
mair valances ares satlsfh d - as at ieast one msijof transition tamparstura above 2SG a &, and 

wherein each of said moieties of said soft segments has s number average moiacufar weight of about 
500 to 2500 and homopoiymers thereof have a gjass transition temperature below 2SG S % said 
crassiinfced polymer having a gal swell within the range of 35 to 200 weight percsnt 10 to 80 weight 
perce? vt of said hard segments and 1 0 to 60 weight percent of said soft segments, and dynamic shear 
moduli, over the temperature range of 23°C to i 2C°C, which fail on or within the boundary of 
A — 8 — C — 0 of PIG, 1 , and wherein a diffraction grating of said crosaiinked poiymer has a first order 
diffraction efficiency which changes less than 1 5% when heated to 5 30°C for 1 hour as compared to 
the first order diffraction efficiency before heating, 

1 0. An srtieie according to claim 1 in the form of a Ft asrssl or echelon iana eiemsnt or a 
fstrorsftective sheet comprising an array of euba-eornsr prism elements, 
. 5 11 . Ao article according to cialm 1 wherein said crossiirsked polymer is formed upon radiation of 

3n oilgomsrie composition comprising one or mors oligomers having \l } one or more iifca or different 
hard segments each comprising a mono- or pofy-vaiant moiety containing orsa or mors carbocycISc 
arsd/or heterocyclic groups, i2S one or more like or different soft segments each tiomprtsing a mono- or 
poly-vsiant moiety saiectod from the group consisting of goiyeatar, polysiicxane, polyacryiaie, polyather 
20 and poiyolsfSn, and j3) one or mom iika or different monovalent moieties containing a radiation 
sensitive, sdditian-poiymerizabfe, functionai group seiected from the group consisting of acrylyi, 
rrsathocryiyi, airy!, and vicepoxy, 

1 2- An article according to claim I Irs tha form of a video disc. 
1 3. An article according to ciaim 1 In the form of a diffraction grating. 
25 1 4, An article according to claim i in the form of an ophthaimte sens. 

1 5, An article according to claim 1 , wherein said hard segments are represented by one or more of 
the following formuias: 



ass' ~(s5fji~~si — 0-1 Si— ®jr 
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where 

each A is independently — NH — or — 0 — .. 
Bach 8 is ' 

~fCH$, —CO— „ -tCHj-CO— or 

where f is an integer of 2 to 5, 
each R* is independently hydrogen or a lower sikyf, 

each R a is independently a df-vaiem earbocydic-containirig radical derived from benzene?, 
naphthalene, eyclohaxane, dicryclohsxylmathane.. diphanyimethane or norbornene, and their lows? 
to sikyi-substituted dsr ivatives, fay ramovtrf of two of thalr hydrogen atoms, , 

each R* is independently an aikyiane moiety with Z to 1 0 carbon atoms, or a cveioslkyisns moiety 
with 8 to 10 careers atorrss, 
each B 5 is independently a phenyl moiety or mathyi 
each R 8 is independently a lower aikyi with 1 ?o 4 carbon atoms, 
<S g is zero or s number up to 5, , 

his an integer of 1 to 10 
h' is zaro or an integer of 1 to 1 0, 

eaehd.d' andd* is indapandentfy zero or 1, with the proviso that if either one of d' ord" is 1, then 
the osher is zero.. 

20 and wherein said soft saymenta am residues remaining from removal of the active hydrogen atoms of 5 
one or more of the following: poiytoayaifcyione) poiyols, polysstar polyois, polyether poiyastef polycrfs, 
polyolefin poiyois, polysiloxarts poiyois, poMsikytacrySstoj ■ pofyals, and polyamirtes. 

18. An article according to claim 1 S wherein said soft segments ars represented by ana or mom of 
the following formulas; 


- - (try — NH — or~~0— • , 
(0R 7 Sj is oxysikylene or polyioxyaikylene), 
H ? is ars alkyiena of 2 to 4 carbon sterns, such as 

— CHjjCHfCHjjCHj™, srsd — CHtCH^CHICH,)— , 

R B Is 3 saturated aliphatic radical frea of acih.<e hydrogen atoms and which can contain t or 2 nan- 
vicinal catenary oxygen or nitrogen atoms, R 8 having a valence equal to j and 2 to 1 0 carbon 
atoma, 

1 ia a number of 1 to 20. 

j is an integer of 1 to 3, and 

d and c are each independently zero or 1 with the provisos that when d is t , then e is zero end f is 

2 or 3, and whan d is zero, than j is 1 , 


where B* is a saturated aliphatic rsdicai frsa of active hydrogen atoms and can contain 1 or 2 new- 
vicinal catenary oxygen or nitrogen atoms, R* with a valance equai to s and 2 to 1 0 carbon atoms. 40 
each a, o, p and q is independently sere or 1 , 
each a' is independently an integer of 2 to 10, 
asch r is independent Sy a number of 1 to 20, 
each s is independently an integer of 1 to 3 with prdvfee fat 

when q is 1 , than s is 2 or 3 and o is zero end either s and p are both zero or both 1 , and 4 5 

when q is 2«ro, then s end 0 ara 1 and either a and p are both ?.ero or both 1 , 
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whsi-a P Is 3 to 5, i' is 5 to 10, and k is 2 or 3. and is the vatencs of B s 


58 singh) br? 
itr 1 to 4, n i 


where the groups enciossd by the siogie brackets with subscripts m and n ssrs repeating units 
zsm or 1 to 4, n is 4 to 20, with the ^cv i 


where the groups enclosed by the brackets with subscripts m and n are repeating units raodomiy 
dis» ibutad within tha double brackets, rrt, n, and n/m are as defined above, and k is 2 or 3 and is 
the yaienca of R 6 , 

18, An articia according to cieim 1 8 wherein s'aid soft segments are represented by one or more of . 
}q the following formulas: ' 


where r* is a mmhar of 1 to 1 0 and e' is 2 or 3. 

where t' is a number of 1 to 1 0 and s us 2 or 3, and R* is oxyaikyiene, polyoxyalkylene, or 
■ig aikariesnyf, 

where each s' is independently s number of 2 to S and r* is a number of 1 to 1 Q, and 


where e' is a number of 2 to 5, d is s number of 1 to 1 0, f? 8 is as defined above, and s is 2 or 3, 
20 1 9. An article according m claim 1 wherein said hard segments 3rd represented by oris of tha 20 

foiiowing formuias: 


whara 

2g , \ -MH — or — O — , 

each R s is independantfy hydrogen or a lower alky!, 

9sch B* is independently 3 ds-vsUmt carbocycfc-contairting radios! derived from benzene, 
naphthalan*, eycfohexane. dicyctohexyimethane, dipnenyimethana, or norfecrnene, and their tav 
aikyi-substUatsd derivatives, by removal o? two of their hydrogen atoms, 
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h 6to SSbon atoms, 
o5« 


hisariintesjarafltolQ 
& h* is xera or an integer of 1 ux 10, 

each d. d< and fif is Independently zero or 1 . with the proviso that if sSthar ons a 

«n»ortiw following formufest 


a r" is a number of 1 to 1 Q and a' is 2 or 3. 


is 2 or 3. 

Hit 


a f is a number of 1 to 1 0 and a is 2 or 3, and R* is a 



byonsofthai 
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r i r?w 
L jJj* 1 


22< An artiete according to ciaim 1 wherein said hard sagmsms comprise shosa reprssentad by the 
g formula: 


and said soft segments camprlss thosa represented by the formula; 

4 5 w ° 


23- An article according to claim 1 wherein said hard segments comprise those represented by tha 
formula: 


and said soft aagrnsnts comprise thosa represented by the formula: 


3rd ssaid soft segments compsiss those represented by the formula: 
3 ij 

" 4 

25.. An artiste according to claim 1 wherein said Hard segments comprise thosa represented by the 
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